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INTERNATIONAL RAILWAY CONGRESS ASSOCIATION 


16th. SESSION (LONDON, 1954). 


QUESTION 5. 
Radiophonic communications in railway working. 


REPORT 


(Austria, Belgium and Colony, Bulgaria, Czechoslovakia, France and French Union, 
Germany, Greece, Hungary, Italy, Luxemburg, Netherlands, Poland, Portugal and 
Colonies, Rumania, Spain, Switzerland, Syria, Turkey and Yugoslavia), 
by Dipl. Ing. J. FriscHaAur, 


Referent fiir Fernmeldewesen in der Generaldirektion der Osterreichischen Bundesbahnen. 


The following Administrations replied to * 16. French West African and Togo Rail- 


the questionnaire for Question 5 : ways. 
* 17. Franco-Ethiopian Railway from Djji- 


1. Deutsche Bundesbahn. bouti to Addis-Ababa. 
2. Austrian Federal Railways. 18. Moroccan Railways. 
3. Belgian National Railways Company. a 19. Mediterranean-Niger Railway. 
* 4. National Light Railways Company. * 20. Greek State Railways. _ 
* 5. Compagnie belge de Chemins de fer et * 21. Pireus-Athens-Peloponesian Railways. 
d’Entreprises. 22. Italian State Railways (Rome). 
6. OTRACO. * 23. North of Milan Railways. 
7.RENFE. (Spanish National Rail- * 24. Milan Municipal Tramways Company. 
: yey ff? * 25. Luxemburg National Railways Com- 
aes i , pany. 
oe ae eta eneminsedes fer 26. Netherlands Railways. 
Pe oe 18 rench Tien pati s Company. at Foriuenese Realays Company. 
: y 28. Swiss Federal Railways. 


* 10. Régie Autonome des Transports Pari- 
siens (R.A.T.P.). 


29. Rhaetian Railway. 
JEN . J 30. Viege-Zermatt Railway. 
“11. Compagnie Générale de Voies Ferrees 31. Syrian State Railways - Northern line. 
dintérét local. 32. Czechoslovakian State Railways (Pra- 
12. Algerian Railways. gue). 
* 13. Gafsa Railway. 33. Turkish State Railways and Harbours. 
* 14. Tunisian Railways. * 34, Chemins de fer non Concédés du Viet- 
* 15. French Equatorial African and Came- Nam. 
roons Railways. 35. Cambodian Royal Railways. 


* 
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The Administrations indicated by an 
asterisk have no radio-telephonic installa- 
tions and have made no trials with such. 


* * * 


The particulars given in this report are 
based on the replies received from the 
Administrations listed above. 


The report has been drawn up following 
the arrangement of the questions in order 
to facilitate the task of the special reporter 
when inserting the replies coming from the 
English speaking countries. 

In the first part, which refers principally 
to questions of a general character, tech- 
nical terms have been used only as far as 
was indispensable to an understanding of 
the text. 


The second part deals entirely with tech- 
nical matters. 


PARSE 


QUESTION 1. — Have you any installa- 
tions utilising radiophonic communica- 
tions in railway working? If so, please 
state in general terms the extent and 
nature of such installations, whether in 
regular use or for emergency purposes 
only, dealing with more detailed aspects 
under the specific questions which follow. 

Is the operation of the wireless service 
governed by rules and instructions cover- 
ing :— 

a) actual operating and traffic; 
b) maintenance of the wireless installa- 
tions ? 


If so, please enclose the Rules and 
Instructions in question. 


The use made of radio-telephony by the 
various Administrations or the trials car- 
ried out by them with that object, cover 
the following applications to traffic work- 
ing, viz : 

a) Use of radio in marshalling yards for 
effecting communication between fixed 
points, generally the one from which the 
marshalling is regulated, and certain move- 
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able ones, formed by the locomotives 
engaged in the shunting operations. 


Installations of this kind are widely used 
by certain managements, especially at the 
heavily worked yards where they are more- 
over in continuous operation. The S.N.C.F. 
points out that the oldest of such installa- 
tions were put into service in 1947 and the 
most recent in 1952, 17 yards having been 
equipped up to the present. ‘This is the 
largest number of installations being oper- 
ated by one management. 


b) In connection with the marking of 
wagons prior to sorting, both the German 
Federal Railways and the S.N.C.F. have 
already obtained good results from radio 
links between the man doing the marking 
and the hump cabin of other fixed point. 
The German Railways, in addition, con- 
template giving in the near future portable 
equipment to the yard supervisor’s staff, to 
those engaged in marking up the trains 
and to the wagon examiners. 


c) In maintenance work, more _parti- 
cularly for effecting communication be- 
tween a gang out on the line and some 
fixed point — signal box, etc. — the gang- 
ers having portable apparatus and the 
fixed locations either portable or fixed, as 
the case may be. 


d) The German Federal Railways (D.B.) 
also report the use of portable equipment 
in connection with banking and assisting 
engines, communication being established 
in each case between such engines and 
certain fixed points along the route. The 
Austrian Federal Railways (0.B.B.) have 
made trials of means of communication 
between the engine at the head and the 
one atthe) star sofas trains again using 
portable apparatus. 


e) Certain Administrations which oper- 
ate ferry and river boat services have ap- 
plied radio-telephony between points on 
shore or the river banks and these vessels. 


f) Some managements such as the Italian 
State (F.S.), German Federal (D.B.) and 
the Spanish Railways, have established 
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radio communications. between certain fixed 
points, some installations being already in 
service and others on trial. The F.S. in 
particular have organised special radio 
links such as for example a district group 
or network connecting 14 important points 
in the country with the general offices in 
Rome, and another group comprising 
9 electric traction supply points. There is 
a third one with 4 stations in Sicily, one in 
Sardinia with 3, another with 5 in Calabria 
with, in addition, a radio link across the 
Straits of Messina. 


The Swiss Federal Railways (C.F.F.) 
have applied portable radio installations at 
Erstfeld station for regulating the move- 
ment of the trains and supervising brake 
testing. In the case of very long freight 
trains, it is impossible to see from one end 
to the other at this station and the ordinary 
means of communication are most unsa- 
tisfactory. Radio links allow of direct con- 
versation between the driver and the staff 
moving about beside the trains and carry- 
ing out the inspection work, etc. 


The Cambodian railway system states 
that it has set up radio links in replacement 
of wired communication, seeing that in 
consequence of the political situation ob- 
taining there the wire lines are frequently 
cut and rendered useless. 


Except in the case of the C.F-.F., the 
managements usually apply as operating 
and maintenance regulations the instruc- 
tions issued by the suppliers of the appa- 
ratus. This appears to be due in part to 
' the fact that these installations have been 
in use for a relatively short working period 
on the railway, as well as to the consider- 
able number of designs in use. 


QUESTION 2. — In the event of your not 
having any such installations, have you 
at any time conducted experiments with 
radiophonic communication, and with 
what results ? 

Please also give replies to any of the 
following questions which are relevant. 


Some of the managements state that they 
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are conducting trials with the idea of apply- 
ing radio to other branches of railway oper- 
ation. The D.B. is at present carrying out 
trials with radio links between trains in 
motion, public broadcasting service with the 
trains, connection between the front and 
rear of a train, and the remote control of 
vehicles. 


The S.N.C.B. reports trials to establish 
communication between trains in motion 
and the public telephone system, but these 
were given up as it was found such arrange- 
ments could not be made to pay on the 
Belgian lines. This will be referred to in 
more detail when dealing with Question 27. 


Trials for the purpose of establishing 
connection between the front and rear of 
a train appear, from the information receiv- 
ed, not to have led to any result. The 
Algerian Railways state that such experi- 
ments have failed hitherto on account of 
the tunnels on the section where they were 
made. 


The Spanish Railways report that the 
trials made up to the present have given 
good results. 


The Moroccan lines have at present only 
one experimental radio-telephonic installa- 
tion comprising 4 fixed points, the maxi- 
mum distance covered being 18 km (11 
miles). “To improve wagon user, this Ad- 
ministration has installed a radio coach, 
allowing of contact being kept up between 
the industrial district and the station in 
Casablanca. 


The Netherlands Railways have carried 
out some trials in association with the Ne- 
therlands Post Office to ascertain the pos- 
sibility of using radio links between some 
fixed points and trains in motion. ‘These 
trials effected at a frequency of 150 MHz 
have been satisfactory. 


The Portuguese Railways have establish- 
ed radio links only to replace existing com- 
munications destroyed by cyclones and these 
are the only experiments they have made 
with such apparatus. 


The Cambodian Railways state that their 
organised radio links serve more often for 
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telegraphic communication and only in a 
secondary degree for telephonic. 

Generally speaking, all managements 
which have replied are greatly interested in 
this subject, hoping to obtain some econo- 
mic gain from the introduction of radio 
communication. 


QUESTION 3. — Do you employ radio- 
phonic communication :— 


a) between the members of a train crew; 

b) between trains and fixed points; 

c) between moving trains; 

d) between main centres and wayside 
points; 

e) in marshalling yards; 


f) for number taking or train examina- 
tion, etc. by means of portable « wal- 
kie-talkie » apparatus; 

g) for engineering operations. 

Where applicable, please describe the 
systems, the objectives, and between what 
offices or individuals the communication 
takes place : for example, in marshalling 
yards is it between supervisors and 
shunting staff, or signalmen, or locomo- 
tive crews ? 


a) Communication between the Staff on 
a train. 


The Austrian Federal Railways (O.B.B.) 
report trials with portable apparatus for 
communicating between the front and rear 
of a train. It was a question of establish- 
ing it between the train engine and the 
assisting engine, or between the guard at 
the rear and the driver. Tests took place 
on a heavy incline on which there were 
tunnels. ‘The equipment had a power of 
0.4 W and worked either in the 4 metre or 
2 metre wave band. It was arranged to 
give bothways communication with Calling 
by voice. Each post or set of equipment, 
was arranged to be normally ready to 
receive and had hand microphones with a 
switch button in the handset which when 
pressed put the apparatus in condition to 
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transmit. The maximum distance between 
two posts was 500 m (546 yards). Verbal 
communication was in some places of me- 
dium quality, even within sighting distance. 
In a tunnel, it was possible to keep up 
communication only over a short distance. 
So far the trials have been effected only 
from the point of view of obtaining qua- 
lity of transmission and not strength or 
amount, so that measurements to arrive at 
the intensity remain to be made. 


In addition, mention may be made of the 
trials referred to above, carried out by the 
Algerian Railways. The S.N.C.B. has also 
studied this question very fully and refe- 
rence will be made to it again in dealing 
with the conditions of transmission in 
tunnels. 


b) Communication between trains and 
fixed points on the line. 


As regards this matter, the D.B. reports 
using the method mentioned already in 
connection with Question 2, communication 
between the assisting engine and the traffic 
operating centres, along the railway. 

The Mediterranean-Niger Railway uses 
radio links between trains and railcars on 
the one hand and fixed points on the other 
on the Colomb-Bechar-Abadla and Oujda- 
Colomb-Bechar lines. The fixed equip- 
ment is located at Colomb-Bechar and the 
movable sets are installed in the guards 
compartments in the trains. Communica- 
tion can be established either between the 
fixed points and the movable apparatus or 
between two of the latter. 

The Italian lines (F.S.) have for some 
years been making trials with communica- 
tion between trains and fixed points, either 
in the form of radio-telephonic links or of 
high frequency communication by carrier 
current. Detailed particulars of these trials 
have been given in the technical press. The 
Cambodian Railways have radio links of 
this kind; they serve principally to enable 
the military authorities to maintain safe 
working of the trains, but are also used to 
give working instructions to the staff on a 
train. 
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c) Communication. between trains in 


motion. 


What has been said under b) concerning 
the Mediterranean-Niger Railway applies 
here; as stated, so far it is merely a matter 
of experiments. 

‘ 


d) Communication between fixed points. 


This is used by certain Administrations 
to increase the existing general communica- 
tion network without having to construct 
aerial lines or lay down cables, or to esta- 
blish communication where the existing 
wire system has been destroyed by atmos- 
pheric disturbances or acts of war. 


According to details supplied, the Ger- 
man Railways have put into service in 1952 
a radio network comprising 16 actual links 
between Munich and Nuremberg. Com- 
munication is established by selection and 
the system has hitherto given no cause for 
complaint. 


The R.E.N.F.E. contemplates setting up 
radio-telephonic links especially to meet 
service operating conditions. It is proposed 
to divide the territory into 7 zones, each 
comprising a certain number of radio 
equipment. Each of these zones will have 
in addition to a central post within its own 
boundaries, another in Madrid itself. ‘The 
posts in any one zone including the one in 
Madrid, operate on a pair of pre-deter- 
mined frequencies. The frequencies (pairs) 
of the various zones are different. In the 
interior of each zone only one communica- 
tion, or transmission of a message can pro- 
ceed at one time, and during that interval, 
the others receive an indication of « oc- 
cupied » and are themselves prevented from 
operating with the exception of the central 
post and the one in Madrid. This central 
post can break into and interrupt a com- 
munication at will. It can then in addi- 
tion set up another if it wishes (priority). 
The Madrid post also can intervene in its 
own zone and beyond it in the others 
(super-priority). Special frequencies are 
used to obtain these priorities. Connection 
between the posts in the different zones are 
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made by the one in Madrid. Communica- 
tion can likewise be established equally be- 
tween this network and the remainder of 
the railway system. 


The F.S. have a radio-telephone network 
mentioned above, when dealing with 
point 1. This serves to connect the district 
network with those of Calabria, Sicily and 
Sardinia, and the connection across the 
Straits of Messina. 


e) Radio-telephony in marshalling yards. 


This is the widest use yet made of radio- 
telephony. Generally speaking, in this case 
radio links are used between some fixed 
point and locomotives in the yard, but on 
the other hand replies received do not 
allow of determining whether it is intended 
to give shunting staff portable equipment, 
or whether trials have been made. ‘The 
type of installation differs between one rail- 
way and another. Nevertheless, a general 
tendency is to be observed from the engin- 
eering point of view. All the equipment 
must, of course, be adapted to the diffi- 
culties met with in railway working. It 
must at least be weathertight and, if need 
be, well arranged to disperse any heat that 
may be generated by it. As to the type of 
modulation the most usual method is to 
modulate the frequency. The S.N.C.B. 
uses also radio equipment having amplitude 
modulation. All types work within wave 
bands of 4 or 2 metres. 

In large installations, the selective system 
of calling is used. Reception takes place 
in the majority of cases via a loud speaker, 
and in certain exceptional cases over an 
ordinary hand receiver set. 


f) Radio-telephony with portable appa- 
ratus for noting the marking of wagons 
prior to sorting, for the examination of 
trains, etc. 


In addition to the the D.B., of which 
mention was made above, the S.N.C.F. also 
uses radio links for this purpose. The man 
doing the marking of the wagons has port- 
able equipment by which he can keep in 
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constant touch with the hump cabin, work- 
ing on the duplex system with amplitude 
modulation. The transmitting power of 
the fixed apparatus is of the order of 20 W, 
and of the portable one, 0.3 W. > The fixed 
apparatus allows of 6 frequencies being 
used and the portable 2; of these one only 
serves for transmission and this is special 
to the particular apparatus in question, the 
second frequency being common to all port- 
able equipments and serving for reception. 
The fixed post calls the others by speaking 
on the general frequency and the one being 
called replies on its own. The messages 
from the man doing the wagon marking, 
as he passes round the sidings, are recorded 
on the ribbon of a magnetophone, which 
functions only when the man is actually 
speaking. The reading off of the ribbon is 
done as occasion requires. 


In this connection, reference is made also 
to the Swiss (C.F.F.) installations mention- 
ed above, used for the examination of 
freight trains and carrying out brake tests. 


g) Radio communication for permanent 
way gangs. 


Most managements already have equip- 
ment of this type and report good results 
with it, especially in connection with main- 
taining permanent contact between gangs at 
work and the nearby traffic department 
offices. The D.B. emphasises these good 
results, especially in connection with gangs 
equipped with machines, and having means 
of travelling quickly from place to place, or 
which may be working over a considerable 
length of track. In this last case, radio 
links are set up between the different sec- 
tions of the one gang. 


The S.N.C.B. intends to use this type of 
portable apparatus in large stations for the 
protection of men engaged in clearing 
tracks after a snowfall. 


Where the lookout man is somewhat far 
from the gang, the S.N.C.F. uses 3 portable 
sets of equipment, one at the station in 
rear, one close to the lookout man, and the 
third where the gang is working. 
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QUESTION 4. — What factors led you to 
adopt radiophonic communication; for 
example, the length of trains and com- 
position of train crews; the distance be- 
tween signal boxes; or, in the case of 
radio between fixed points, was it to 
overcome physical difficulties and cost in 
providing land line communication ? 


Mention has been made in connection with 
Question 3 of the reasons which have led 
the various Administrations to make use of 
radio telephony, such as saving in cost of 
installation compared with equipment re- 
quiring line wires or cables, and reduction 
of maintenance charges. In addition, they 
mention increased safety in cases where 
wired communication can be put out of 
order easily by atmospheric or other causes. 
The particular advantages offered in marsh- 
alling yards are cited as especially valuable 
in giving permanent communication with 
the drivers of shunting engines, enabling 
the official at the hump cabin to exercise 
direct and immediate control over the 
marshalling. Reliable radio communica- 
tion saves much time, reduces the number 
and gravity of accidents during marshalling, 
and speeds up the clearance of the sorting 
sidings. It may be expected to bring also 
an increase in yard capacity without a cor- 
responding one in construction costs, with 
at the same time a reduction in the num- 
ber of staff required. Both the ‘S.N.C.B. 
and S.N.C.F. propose, when introducing 
radio communication in their yards, to do 
away with many of the shunting signals, 
and so cut down first costs appreciably in 
new installations. 


The marking of wagons prior to sorting 
ought also to be similarly accelerated by 
these means which must react on the over- 
all capacity of the yard. 


The use of radio by permanent way gangs 
should help to reduce as much as possible 
interruption to the work caused by passing 
traffic and so increase overall efficiency. 


As will be shown later, not only have 
these objects been attained by using radio 
but many supplementary ones as well. 
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QUESTION 5. — Have you used radio- 
phonic communication in emergencies 
likely to affect the running of trains or 
safety of the line, with advantage over 
other means of communication and if so 
what are the advantages ? 


Replies to this question show that the 
Administrations consulted have not as yet 
made use of radio for intervening imme- 
diately in case of emergency in the train 
working, but some of them agree that there 
is an indirect effect on it in that the pos- 
sibility of communicating quickly between 
places leads to a saving of time. 


QUESTION 6. — What are the initial costs 
of this apparatus ? 


What is the annual cost of operation sub- 
divided into :— 


a) salaries and wages? 
b) materials ? 
c) current ? 


Particulars received regarding costs differ 
considerably between one management and 
another. First costs depend naturally on 
the type of construction, the power of the 
equipment, form of modulation used, etc., 
so that only a few particular examples can 
be cited. Thus, for example, the S.N.C.B. 
gives as a purchase price of a fixed set of 
equipment for a station having a power of 
12 W, a figure of 7 000 Swiss francs and for 


» a movable one about 5800. ‘The S.N.C.F. 


gives an overall figure for one fixed set and 
three sets on locomotives, spare parts 
included, of 38 500 Swiss francs. The C.F.F. 
quote a figure of 50000 Swiss francs for a 
marshalling yard installation, working du- 
plex with selective calling, and made up 
of one fixed post and four movable ones. 


Costs of maintenance, where any are 
quoted, vary by 10 to 20 % of the first 
cost. Allowing for annual depreciation and 
taking a user of 10 years, an annual figure 
of the order of 20 to 30 % of first cost is 
obtained. 
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QUESTION 7. — State route mileage ser- 
ved or areas covered and distances be- 
tween fixed stations. In the case of mo- 
bile stations state the maximum distance 
involved between two mobile stations or 
mobile and fixed station. 


Distances and areas over which transmis- 
sion is effected depend naturally in the first 
place on the transmitting power and the 
conditions obtaining between the transmit- 
ter and receiver. In addition the form and 
site of the aerial play an essential part. 
These distances are determined by the spe- 
cial conditions applying on a railway. For 
example the range of a radio installation 
in a marshalling yard is determined by the 
size of the yard, while the range of portable 
equipment used by permanent way gangs 
depends on the maximum distance they can 
be from the fixed point. Naturally these 
distances vary, but generally speaking, for 
marshalling yards a maximum range of 
5 km (3 miles) has to be allowed for, and 
for portable equipment about 2 km (1.25 
mile). However, when an apparatus is 
used at places where permanent way work 
is in hand the range will need to vary 
between 8 and 10 km (5 and 6 miles). 
With regard to the range of fixed installa- 
tions, this can at times reach several 
hundred kilometres. 


QUESTION 8. — Please describe under 
each heading the type or types of ap- 
paratus employed supplying diagrams or 
photographs where desirable to illustrate 
the equipment. 


Except where they need to meet special 
requirements, as in the case of marshalling 
yards, the equipment used by various Ad- 
ministrations are similar for similar pur- 
poses. This is especially so with long range 
installations and portable apparatus. 


For marshalling yard work, where the 
requirements are on the whole quite con- 
siderable, most of the makers have develop- 
ed in conjunction with the different mana- 
gements, special types of equipment able to 
stand up to the rough conditions met with. 
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To do this, they have started from the idea 
of adopting for both the fixed and movable 
equipment on the locomotives identical 
types of transmitter and receiver in order 
to make do with a relatively small number 
of types. Particulars received show that the 
power of transmission varies in marshalling 
yard work between 3 and 25 W. It is usual 
to employ frequency modulation, or in a 
small number of cases with amplitude mo- 
dulation or phase modulation. Current for 
the fixed equipment is always taken from 
the ordinary local power supply, but the 
movable equipment is fed from a battery 
on the locomotive. The power of portable 
sets varies between 0.2 and 1 W, and source 
of current is generally an accumulator, but 
in some cases a dry battery. The weight 
varies from 3 to 11 kg according to the 
design and their use; it is, in general, deter- 
mined by the weight of the battery. 


Most of these marshalling installations 
date from since the last war, but in the 
long range type equipment provided during 
the war by certain military authorities is 
met with. 


QUESTION 9. — To what extent are 
inductive carrier or space radio systems 
utilised ? 


Only a few Administrations have answer- 
ed this question, saying they cannot give 
any rate of proportion between radio-tele- 
phonic and wired communication, but that 
in certain areas it is not possible to replace 
the former by the latter, particularly where 
the distance between transmitter and re- 
ceiver is variable. 


QUESTION 10. — State the frequencies 
used, the number of channels allocated 
and whether interference is experienced 
as a result of overlapping. 


The range of frequencies put at the dis- 
posal of the different managements come 
within those allocated to the particular 
country concerned at the International 
Conference on the distribution of wave 
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lengths. In yards, frequencies generally 
correspond to a wave length of 2 or 4 
metres, in some cases 8 metres. For long 
distance links, the Italian State Railways 
and the R.E.N.F.E. use frequencies situated 
between 2 and 10 MHz. Some manage- 
ments have frequencies, however, in the 
ranges situated between 460 and 470 (Bel- 
cium), 510 and 540 MHz (Italy). The 
F.S. have observed differences in the fre- 
quency produced by changes in the heat 
of the atmosphere. Interference effects 
caused by reflection from undulations of 
the ground have been noted, in places by 
the O.B.B. when making trials with radio 
links between the front and rear of trains 
in deep cuttings. 


QUESTION 11. — State the method of 
obtaining licences, the name of the autho- 
rity issuing such licences and whether 
any difficulty has been experienced in 
obtaining licences. 


QUESTION 12. — Does the licencing 
authority impose any restrictions on the 
use of radiophonic communications sys- 
tems for railway purposes? If so, please 
state the nature of such limitations. 


QUESTION 13. — Are any restrictions 
imposed by the licensing authority on 
the power output to be employed and, if 
so, do the limitations of output restrict 
the usefulness of the service ? 


These three questions relating to the 
issue of authority to operate radio-telepho- 
nic installations are dealt with together. 
In every country, licences are issued by the 
authorities having there the monopoly in 
telecommunications. In Germany and Aus- 
tria, the issue of such licences is subject to 
the previous permission of the High-Com- 
mission or Inter-Allied Commission. The 
O.B.B. state that originally permission from 
this latter authority could not be obtained, 
but now, by virtue of a decision taken in 
March 1953, this has been granted, subject 
to certain restrictions. 
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In the various countries; requests for 
licences must be made separately for each 
installation to the competent authority or 
telecommunications department, where they 
are examined and dealt with according to 
the regulations in force. The Mediterra- 
nean-Niger Railway points out that in 
general the power vested in the telecom- 
munications department is exercised by the 
competent military authority and that the 
post office is competent to deal only with 
installations in the General Management at 
Oujda. 

The Italian State Railways state that they 
have to pay an annual fee to the postal 
department covering the working of their 
installations. Information received indic- 
ates that the various countries impose 
restrictions on the use of such installations 
in the sense that they may be used only 
for railway purposes and not be connected 
to the public telephone services. 


As regards the limitations of power, they 
have all along been fixed in Germany at 
10 W and in Austria at 3 W, within the 
range of 4 m waves. In Belgium, generally 
the figure is 50 W, in France 20 W and 
in the Netherlands 25 W for fixed instal- 
lations and 15 for movable ones. Up to 
now, no inconvenience has been found to 
result from these restrictions. Spain, Italy 
and Cambodia report no limitation in the 
matter of power other than those resulting 
from International Conventions, while in 
the French Colonies and Switzerland, the 
maximum permissible power is laid down 
separately in each case. 


QUESTION 14. — How is reliable power 
supply ensured in all circumstances for 
mobile and fixed stations respectively ? 


As indicated earlier, power for fixed 
installations is generally obtained from an 
outside public supply, but should this fail 
an emergency source is resorted to. ‘These 
emergency installations are of the type 
already used for other railway purposes, 
and consist either of an internal combus- 
tion engine or an electric motor fed from 
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a battery coupled to an A.C. generator of 
appropriate output. The equipment 
mounted on locomotives has no emergency 
facilities, the battery being considered to 
give sufficiently reliable service. Should it 
fail, however, then a reserve locomotive is 
substituted for the one on which the 
failure has occurred. Portable equipment 
fed by batteries likewise has no emergency 
current supply. It is therefore essential to 
make sure that it is in proper order before 
putting it into service. 


QUESTION 15. — What types of aerials 
are utilised on fixed and mobile stations ? 


The form of the aerials is determined by 
the purpose to be served by the particular 
radio link one is used with. For fixed 
aerials the D.B. generally uses the dipole 
type or the ,/2, for movable installations it 
uses the whip or rod type 4/4, developed 
dipole aerial and particularly short aerials. 
Belgium uses aerial 4/2 (half wave) with 
vertical polarisation. Spain amongst others 
uses the Marconi « L » shaped type. There 
are also other aerials of the directional 
single conductor pattern. 


Portable installations generally have the 
rod or whip type, sometimes: also telescopic 
aerials and the S.N.C.F.. uses for Jong 
distance work directional aerials mounted 
on light masts about 4 m (4 yards) high. 


QUESTION 16. — In the case of mobile 
units, have limitations imposed by the 
loading gauge created any difficulties in 
fitting aerials, especially to coaches, and 
how have these been overcome? Do 
these restrictions limit the range and 
coverage of the apparatus employed ? 


Most Administrations use for equipment 
on vehicles aerials of special type able to be 
kept within permitted clearances. Losses 
of power arising from the nearness of the 
steel roofs and other metallic parts of the 
vehicles are according to most managements 
within acceptable limits. ‘The Mediterra- 
nean-Niger Railway which contemplates 
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working in future apparatus of much greater 
power (200 to 400 W) in order to over- 
come certain absorptions of power occa- 
sioned at present by the nearness of the 
vehicle roof, is to carry out trials with the 
object of collecting certain additional 
information on these losses. 


QUESTION 17. — In the case of « walkie- 
talkie » apparatus, what types of aerials 
and earth are utilised to ensure minimum 
interference with the movements of indi- 
viduals carrying the apparatus ? 


Administrations using portable equip- 
ment working within the 2 metre wave 
band use rod type 1/4 aerials. The case 
of the apparatus then forms the counter- 
weight. Generally speaking, moving the 
equipment about has not been found to 
cause interference. 


QUESTION 18. — What methods are 
adopted to ensure continuity of signals 
when mobile stations are passing through 
tunnels or cuttings ? = 


This question raises a matter of the first 
importance for any extension of radio-tele- 
phony on railways and concerns the con- 
ditions of reception by trains in motion in 
situations where, according to experience 
gained hitherto, such is not possible in a 
straight simple manner, for example in 
deep cuttings in valleys surrounded by high 
mountains and in tunnels. Reports on this 
are to hand from two Administrations : the 
S.N.C.B. and the F.S., which have already 
made detailed investigations on this ques- 
tion. 


The former gives particulars of numerous 
trials to investigate transmission in tunnels, 
in view of the special use of radio equip- 
ment contemplated for the Brussels area. 
In this case, it is a question of propelling 
by an electric locomotive a train having a 
steam locomotive in front. The driver of 
the latter has to observe the signals and give 
the necessary orders to the driver of the 
former. These trials have given the fol- 
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lowing results In the case of a tunnel 
with a brick arch, even when curved, no 
appreciable diminution of reception power 
was noticeable, provided the frequency was 
at least 150 MHz. The tunnel was | km 
(0,62 mile) long. In tunnels lined with 
heavy reinforced concrete, transmission be- 
came interrupted when the locomotive had 
passed in by about 100 m (109 yards). The 
S.N.C.B. believes — and this agrees with 
the results of previous experiments — that 
reception can be improved by still further 
raising the frequency. 

The F.S. have kindly forwarded a reprint 
entitled « Rendiconti della Riunione An- 
nuale dell’A.E.I. » (Naples 1949) (Proceed- 
ings at the annual meeting of the A.E.I.) 
giving a review of the state of knowledge 
relative to communication between trains 
in motion and fixed points along electrified 
lines, up to that date. Research undertaken 
both before and after the war, in America, 
France and Italy, have led to the following 
results, shortly stated The problem of 
communicating between trains and stations 
can be solved, when it is a question of open 
and not. mountainous country, by the 
application of ultra-short waves and, on 
electrified lines, by using carrier current 
equipment. 


The use of carrier current does in 
general, it is true, call for considerable 
improvement in the contact line as regards 
transmission of high frequencies. ‘The sys- 
tem offers the disadvantage that in the 
event of an interruption to the contact line, 
the telecommunication arrangements _be- 
come disturbed. By using free waves in the 
ultra-short range, the disadvantages of car- 
rier current telephony can be obviated. 
This can be obtained also should there be 
gaps anywhere in the line circuit; it is pos- 
sible at relatively small cost by using fre- 
quency modulation to create perfect com- 
munication throughout. This article con- 
tains also an account of a proposal based 
on the idea of establishing on the Milan- 
Naples line communication between 8 fixed 
points, having an average power of 100 to 
200 W, and trains in motion. The scheme 
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covers about 50 % of the total length of 
the line, 846 km (525 miles). Communica- 
tion by ultra-short waves will give in addi- 
tion the possibility of providing several 
channels. 

Effecting connection between a com- 
munication network of this kind and the 
public telephone system is all the more 
essential in that over a great part of the 
distance there are only a relatively small 
number of fixed posts from which it is 
possible to connect up with that system. 


The conditions governing the effecting of 
communication in tunnels are specially 
referred to in the article in question. It 
has been found that transmission on free 
waves is not possible in any length of tun- 
nel at a frequency of 110 MHz, beyond a 
certain distance between posts. Trials have 
shown, moreover, that the range was greater 
in large than in small section tunnels. 
Tests made by the F.S. in July 1949 with 
frequencies of 250 to 540 MHz gave good 
results. Comparing these trials with those 
carried out by the S.N.C.F. after the war 
with a frequency of 1420 MHz gave no 
appreciable improvement over the Italian 
ones made at 520 MHz. The article 
observes that the Italian Railways were 
taking up the construction of experimental 
equipment working on a frequency of 1 500 
MHz with a view to continuing their inves- 
tigation of this problem. 


The 6.B.B. mention, in connection with 
transmission in tunnels, trials effected in 
1951 and 1952 on the Tauern line and in 
_ the Tauern tunnel itself with portable 160 
MHz equipment and a power of 0.4 W for 
communicating between the front and rear 
of a train. It appears that in the Gastein 
valley, north of the tunnel, strong inter- 
ference was experienced, due apparently to 
the reflection received from the neighbour- 
ing mountains. <« Fading » was such that 
communication was completely interrupted 
although at certain points of the line the 
two posts were visible to each other. In 
the tunnel itself, it was found that over a 
distance of about 500 m (546 yards) be- 
tween posts, communication ceased as soon 
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as the head of the train was 20 m (21 yards) 
inside the tunnel, while its rear was yet far 
outside. By reducing the distance between 
the two sets of equipment to about 100 to 
120 m (109 to 131 yards), reception proved 
possible during running in the tunnel and 
was almost as good as when the train was 
outside it. As these were purely quali- 
tative tests and it was possible that the 
radio-active influence of the upper layers 
of air in the Gastein valley was not without 
effect, the O.B.B. contemplate continuing 
to investigate the conditions governing 
transmission in this region from a quan- 
titative point of view. 


QUESTION 19. — Have any particular 
transmission difficulties been experienced 
in built-up areas as opposed to open 
country ? 


Certain Administrations report diffi- 
culties in transmitting in built-up areas, 
particularly from stray current influence. 
Thus the S.N.C.B. has found the level of 
noise to be higher, although never suffi- 
cient to make hearing impossible. The 
S.N.C.F. state that such difficulties come 
from a shield effect, but no transmission 
troubles have been experienced in marshal- 
ling yards. 


QUESTION 20. — State whether interfe- 
rence is caused by metallic lineside struc- 
tures causing loss of signals or fading. 
What steps have been taken to minimise 
these effects ? 


A number of Administrations find « fad- 
ing » to occur from the presence of large 
masses of metal along the line. The D.B. 
proposes to investigate this matter more 
thoroughly. The S.N.C.B. finds that « fad- 
ing » can become so great as to cause signals 
to disappear. The particulars given by the 
Mediterranean-Niger Railway also are very 
interesting. This line has made tests at 
2 to 8 MHz frequency and found signals 
to become feeble in consequence of certain 
masses of metal in the ground creating a 
form of « fading ». This weakening of the 
signals and recovery of their strength are 
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however not sufficiently serious to prevent 
conversation being carried on. 


The various managements see no other 
way of dealing with these phenomena save 
that of changing the location of the equip- 
ment, but in the case of movable apparatus, 
carried about in the neighbourhood of con- 
siderable masses of metal there appear to 
be no effective measures against fading. 


QUESTION 21. — Is any interference 
caused by electric traction and what steps 
have been taken to suppress it? 


According to reports interference from 
electric traction circuits is negligible with 
free waves and frequency modulation. The 
R.E.N.F.E. states that interference is expe- 
rienced on the Madrid electric line when a 
train starts and continues until it has tra- 
velled about 500 m (546 yards). Amplitude 
modulation is used and it is probably in 
that circumstance that the cause of the high 
sensitivity to interference is to be looked 
for. The F.S. report noticeably increased 
sensitivity in the case of carrier type cir- 
cuits. 


QUESTION 22. — State whether seasonal 
or weather conditions affect transmissions, 
1.€. Snow, frost, fog, etc. 


While in Germany, Belgium, France and 
Switzerland, no noticeable effect has been 
observed from climatic or seasonal varia- 
tions, Italy, Spain and the Netherlands 
have observed detrimental influences on 
the transmission. In Italy and Spain, this 
was in the case of long distance communic- 
ation. It is proposed in Italy to combat 
such temporary influences by selecting suit- 
able frequencies for use during certain 
hours, or periods of the year. 


When ice is present no effect is obsery- 
able with free waves but there is with car- 
rier current. 


In the tropics climatic conditions exer- 
cise an appreciably greater effect. The Me- 
diterranean- Niger line reports considerable 
disturbances during sand storms; the parti- 
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cles of sand release their static electrical 
charge to the aerials and the disturbed bal- 
ance causes crackling sounds, varying from 
one second to a continuous buzzing. The 
intense heat of summer — up to 40° C in 
the shade — also has an unfavourable 
influence on the communication. Cambo- 
dia states that in the rainy season from 
May to November storms can cause dis- 
turbances of the order of 15 and even 
20 hours. 


QUESTION 23. — How has noise inter- 
ference been overcome on moving loco- 
motives, especially steam locomotives, and 
what calling devices are utilised? Are 
loud-speakers and independent micro- 
phones used for receiving and transmit- 
ting messages and is reception of signals 
satisfactory in all conditions ? 


Do you provide a duplicate hand set 
on a locomotive, for use by a shunter to 
obviate the latter mounting the foot- 
plate ? 


To counter the relatively high level of 
noise obtaining on locomotives where com- 
munication is made directly with the driver, 
and where consequently the equipment is 
installed in the cab, some managements, 
such as the D.B. and S.N.C.B., use loud- 
speakers of the horn type, with microphone 
and compression chamber, whilst others 
employ separate microphones and_ loud- 
speakers. In all cases where loud-speakers 
are used, the receiver has a higher output 
at the low level ranges determined either 
by the maximum sound capacity of the 
loud-speakers (100 phons measured at a 
distance of one metre in the case of the 
S.N.C.B.) or by its power (10 W on the 
FS.). 


Some managements do not mount the 
equipment in the cab. For example, the 
C.F.F. mount it on the footplate framing 
(with hand receiver in a protective box) 
and the Mediterranean-Niger Railway fits 
the apparatus in a special separate compart- 
ment in the train. 


Calling is effected, except in the case of 
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long distance links, as a rule verbally, but 
in a few instances by morse code signals. 
The D.B. portable equipments use calling 
on a frequency of 1750 Hz. According to 
reports, no special apparatus for the use of 
shunting staff is in service. 


QUESTION 24. — When a fixed station is 
operating to a number of mobile stations, 
what method is employed for calling and 
identification of those stations, i.e. is 
selective dial calling utilised ? 


Two types of calling are in use where a 
fixed post is in communication with several 
movable ones. One is that used by the 
D.B. under the name of « Kreisverkehr » 
(general call). In this system, all the vari- 
ous locations are in the normal condition 
connected ready to receive. When one of 
them makes a call it connects its own trans- 
mitter in circuit and cuts out its receiver 
by moving a switch and all the other loca- 
tions receive the messages spoken. In each 
marshalling yard installation, a different 
frequency is laid down for these cases and 
the fixed posts, as well as the movable, can 
adjust themselves to work on the frequen- 
cies of other marshalling yard installations. 

Other managements use selective calling, 
either by means of a dial or by operating 
various push-buttons which cause combina- 
tions of sounds to be emitted, corresponding 
to the post to which it is desired to speak, 
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the required frequency being selected. 
These two methods, general or selective cal- 
ling, have given good results in practice. 


QUESTION 25. — What is the organisa- 
tion adopted for maintenance and ser- 
vicing of the radio apparatus and how 
does the cost compare with other forms 
of telecommunications ? 

Is maintenance performed by railway 
or outside staff 2 


Administrations which have radio instal- 
lations already in service as a rule maintain 
them by their own specialist staff. In cer- 
tain exceptional cases, however, the small 
ordinary day to day maintenance is attend- 
ed to by the railway staff, only overhaul of 
the equipment being entrusted to firms. 
The S.N.C.F. for example reports that the 
cost of a general overhaul amounts to 5 % 
of the initial price. The other manage- 
ments, with the exception of the S.N.C.B., 
have provided no figures on this subject. 
Some, for instance the F.S., are of the opi- 
nion that maintenance costs are approxi- 
mately the same as for ordinary wire tele- 
communication circuits, whilst others, such 
as the C.F.F. think they are higher. The 
facts arrived at by the S.N.C.B. provide 
interesting information concerning the 
number of hours taken up by maintenance 
and the annual overhaul, grouped in the 
following table : 


Number of hours occupied by 
maintenance work per period stated 


Type of installation 
weekly 


Fixed marshalling yard post 


Portable marshalling yard post 


Portable transmitter-receiver 
Sets. R 610, 2 ; 


Portable transmitter-receiver 
set . 


monthly 3 6 


every every 


months months 
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The S.N.C.B. considers that it is not pos- 
sible to establish a correct comparison in 
this matter between radio and other tele- 
communication installations, seeing that in 
many cases the former cannot be replaced 
by the latter, notably of course in the case 
of connections between fixed and movable 
posts. This point of view has of course to 
be accepted; however, it would be desirable 
to know what the ratio is between the two 
in those cases where the radio installations 
can be compared with the ordinary type 
which they have supplanted. Considerable 
weight should therefore be attached to the 
opinion of the F.S. which, thanks to their 
extensive radio network, seem to possess the 
greatest experience in Europe in this field, 
and who, as stated above, consider there 
is no difference in this respect between the 
two types. 


QUESTION 26. — What methods are 
adopted for training operational and 
maintenance staff ? 


Most Administrations form their main- 
tenance staff themselves by special courses 
of instruction, or by requiring those con- 
cerned to undertake one at a manufacturer’s 
works. In accordance with prevailing eco- 
nomic tendencies, specially capable men are 
selected for this work, if possible from those 
already possessing some knowledge of radio 
equipment. The training courses vary from 
14 days to 50 half days. 


It depends essentially on the number of 
installations of differing type which a man 
may be called on to maintain. 


As regards operating staff, all manage- 
ments have made every effort to render 
the manipulation of the equipment as sim- 
ple as possible, so reducing the training 
required to a minimum. Some of them 
effect this by placing with the operator for 
a certain length of time a technically qua- 
lified man, familiar with the installation. 


QUESTION 27. — Have you a radiopho- 
nic communication system to or from 
moving trains for use by the travelling 
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public? It is assumed that any such 
service is applicable to long distance pas- 
senger trains only. What is the method 
of calling, the basis and method of rais- 
ing charges and the extent to which there 
is a demand for the service? Is this ser- 
vice an economic proposition ? 


The question of setting up connection 
between trains in motion and fixed points 
with the idea of offering to passengers the 
possibility of being connected while travel- 
ling to the public telephone system is being 
investigated by the D.B., S.N.C.F. and FS. 
The S.N.C.B. states that in 1949, the Bel- 
gian Railways made experiments with such 
an arrangement in conjunction with the 
Post & Telegraph Department, but the 
trials were not continued in view of the 
fact that fitting the trains with it did not 
pay. In addition, the short length of the 
lines on Belgian territory makes the runs 
short also, and hardly any need is felt for 
passengers to put themselves into commu- 
nication with the public telephone network. 


The manner in which the F.S. propose 
to deal with this problem as part of the 
whole question of the application of radio- 
telephony to railways has been pointed out 
above in the reply to Question 18, when 
referring to proposals to instal radio instal- 
lations along the Milan-Naples line. 


QUESTION 28. — Is radio apparatus em- 
ployed for controlling signals in lieu of 
an attendant ? 


All managements replied to this question 
in the negative. 


QUESTION 29. — Are any radio tele- 
printer or facsimile systems in use ? 


The R.E.N.F.E. report that they are to 
use the Coquelot teleprinter system, while 
the F.S. use the Siemens « Hellschreiber » 
as zone teleprinter experimentally. 


QUESTION 30. — Are there any other 
spheres not mentioned above in which 


you utilise radio? If so, please describe 
fully. 
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The D.B. reports that trials: are in pro- 
gress for the setting up of remote control 
of vehicles and for radio transmission of 
telegrams and money orders. The C.FF. 
are thinking of using radio in connection 
with the maintenance of high tension lines 
and removing faults on them. 


QUESTION 31. — Has the use of radio 
superseded previous means of communic- 
ation or is it supplementary to existing 
methods ? 


No management reports having replaced 
ordinary communication circuits by radio. 
On the contrary, the general statement is 
that radio is applied as complementary to 
the main telecommunication system. Only 
in the case of certain communication links, 
used hitherto for safety reasons, has there 
been some change in this respect on the 
S.N.C.B. and S.N.C.F., in the sense that 
since the introduction of radio in the 
marshalling yards, the use of shunting 
signals of ordinary type has been given up 
when constructing new yards. 


QUESTION 32. — Is radiophonic commu- 
nication reliable in service? Specify any 
disadvantages especially in relation to 
breaks in continuity of the service stating 
the more common causes of failures. 


Generally speaking the view is that radio 
communication is reliable. Any inconve- 
nience arising from interruptions is due 
partly to atmospheric disturbances, but also 

sometimes to certain parts of the equip- 
ment not being sufficiently well made. In 
certain kinds of service, where these parts 
are subject to particularly heavy mechanical 
stresses and it has not proved possible to 
meet the resulting conditions, breakdowns 
~ are still to be reckoned with. The opinion 
of most Administrations is that failures are, 
on the whole, within acceptable limits. 
They are mostly caused by contacts be- 
coming defective, wires breaking, wear and 
tear accumulating on valves, insufficient 
source of current and defects in condensers 
and resistances. ‘The S.N.C.B. says that at 
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one time when the radio apparatus was put 
into service the total interruptions amount- 
ed to some 4 to 5 %, but thanks to the 
constant instruction given to the staff, these 
have now been brought down to 1 % and 
it is hoped to reduce them further to 0.5 %. 
This management also states that 70 % of 
all failures are attributable to the valves, 
19 % to relay defects and 10 % to the want 
of stability in the power supply. 


QUESTION 33. — Describe in detail the 
benefits to railway operation and econo- 
mies accruing from the utilisation of 
radiophonic communications systems. 


All managements are agreed that radio 
offers advantages unobtainable by other 
means of communication. As stated above 
in several places, this is so in all cases where 
the distance between transmitter and re- 
ceiver is variable. It is in the possibility 
of being able to keep in constant touch 
with each train and each vehicle, even espe- 
cially each motor vehicle, as well as being 
able at any moment to give orders directly 
to staff, which can be carried out in a sure 
and speedy manner, that the managements 
see advantages which affect the entire rail- 
way service, quickening it up and rendering 
it more economic. ‘These advantages may 
be summarised briefly as follows : 


1) Use of radio-telephony in marshalling 
yards. 


a) Quickening up of the sorting move- 
ments leading to a saving in locomotive 
hours and staff working time, more rapid 
making up of trains and release of the 
various sidings, both formation and depar- 
ture, and hence increase in the capacity of 
existing yards, from which comes a further 
economy in costs in all cases where an 
extension to the tracks would otherwise be 
indispensable to deal with the growth of 
the traffic. 


b) Efficiency of a yard remains almost 
normal when visibility is reduced (fog, 
snow, storms) on curved tracks and in 
darkness. 
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c) Better effect on the speed of shunting 
than with ordinary signals allows of taking 
better account of the nature of the freight 
and avoids in greater measure damage to 
consignments. Should a derailment occur, 
the working can be stopped at once and 
damaged vehicles and their contents kept 
down to a minimum. 


d) Thanks to being able to communicate 
directly with the drivers, misunderstandings 
likely to arise in the course of the trans- 
mission of orders are eliminated. 


e) Savings resulting from getting rid of 
the cost of installation and maintenance of 
special shunting signals when building new 
yards. 


These savings have been set out in a 
very detailed manner by certain manage- 
ments. The gains, specified in figures, 
resulting from the use of radio have only 
been able to be given approximately by the 
S.N.C.F., which indicates a gain of 1/3rd in 
efficiency over previous methods of shunt- 
ing operation. Some managements con- 
sider, as is practically incontestable, that 
the economic aspect of an installation re- 
quires to be calculated specially in each 
case. 


2) Use of radio in connection with per- 
manent way gangs. 


This gives a certain and permanent 
means of communication with a gang. 
Those responsible can thus order directly, 
and in good time, the clearing of the track, 
and this reduces the interruptions to the 
traffic. On lines where telephone circuits 
are cabled, the necessity hitherto felt of 
transporting cable drums to which to con- 
nect the portable equipment at the nearest 
convenient point is eliminated. 


3) Use of radio between trains in motion 
and fixed points along the line. 


It is not yet possible to express an opi- 
nion on the suitability and economy of such 
links, which, according to the reports, have 
been established only in Europe experi- 
mentally as yet. Everything permits of 
thinking however that with a new develop- 
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ment in this technique, this will lead to 
more economic traffic operation. 


Managements outside Europe are using 
this type of equipment with advantage to 
ensure the safety of their trains. It permits 
of taking decisions quickly in case of any 
mishap or unusual occurrence. A_ special 
advantage is considered to be that the con- 
struction and maintenance of a system of 
communication of this kind effected by 
wire lines or cables in certain conditions 
would absorb considerable sums. 


QUESTION 34. — Do you consider the 
reliability of the service and the benefits 
accruing justify the adoption of radio- 
phonic communications systems as a per- 
manent feature in all or particular 
spheres and is it your intention to extend 
the practices 2 


Replies to this question indicate that 
those managements which have had radio 
installations in service for some time, and 
been able to observe their working, are all 
agreed that their use in the present fields 
is fully justified, notably where the same 
object could not be attained except at very 
great cost or even not at all, using other 


methods of telecommunication. Some Ad- 
ministrations, amongst them the D.B., 
S.N.G.E., fs. and C.EIE., consider that 


these installations will become applicable 
in the future to other branches of railway 
working, if savings can be effected by so 
doing. For this, however, it appears that 
certain technical improvements are requir- 
ed in constructional details. All the same 
most managements are not contemplating 
at the moment an extension of radio tele- 
phony, except in the form of an increase 
in the number of installations meeting pur- 
poses for which they have already proved 
their value. 


QUESTION 35. — Have you under con- 
sideration, but not yet developed, the 
application of radio to any other phase 
of railway operation? Have you made 
use of radar or do you contemplate doing 
so? 
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Some managements are proposing’ to 
make other applications of radio. Thus 
the D.B. speaks of using remote control of 
vehicles, for example, electric shunting loco- 
motives, as well as C.T.C. by radio on 
secondary lines, endeavouring to transmit 
in this way conversation, selective calling 
and cab signals, and to give an indication 
automatically of the position of a train. 
The OTRACO sees a new field for radio 
in effecting a link between the locomotive 
and the train dispatcher, or traffic control- 
ler, carried out by radio between the loco- 
motive and the nearest post and thence to 
the dispatcher. The F.S. also is obtaining 
economic advantages from connections be- 
tween the trains and fixed points and from 
using radio for repeating signals on the 
locomotive. 


Radar installations, as used regularly now 
on board ship, have not yet been employed. 
The D.B. reports however that it is fitting 
an installation on a ferry vessel. 


* * * 


Summing up, it results from the informa- 
tion collected at considerable trouble by the 
various managements, that at the present 
moment the general radio telephonic instal- 
lations at work or those that have been 
tried, have on the one hand opened up a 
new opportunity of making the best econo- 
mic use of existing means of working and, 
on the other hand, of contributing to re- 
duce the cost which would be necessary to 
put in ordinary methods of telecommunica- 
_tion. It appears, considering the whole of 
the opinions expressed, that new and better 
chances of using radio equipment are open- 
ing up, but that more thorough technical 
investigations are still required and certain 
items of equipment need to be improved. 
_ Such extensions of radio to new applica- 
tions have been favourably received and in 
no case has there been any opposition, 
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- while efforts are being made to use it more 


largely in fields where it has already been 
introduced. A fact not to be neglected is 
that to introduce it into branches so far 
untouched will often call for managements 
adapting their working instructions to the 
new modified conditions. ‘Thus certain 
inevitable considerations which, from the 
fact that each management is rather con- 
servative, a result of the nature of things 
and by no means unjustified, lead to a 
certain hesitation when it comes to intro- 
ducing equipment which positively revolu- 
tionises the accepted methods of working. 


On the other hand, the economic results 
experienced in certain fields of working 
cannot be set aside less than ever today 
when every management feels in growing 
fashion the competition of other means of 
transport and finds itself obliged to cut 
down on its own operating costs. 


PART II. 
Technical considerations. 


In this second part the technical features 
of the apparatus are shown to the extent 
that information has been provided by the 
different managements or has come to the 
knowledge of the author of this report. 


In paragraph | of Part II, dealing with 
constructional details of the wiring and 
cabling of installations, as well as the me- 
thods of fitting, preference has been given 
to sub-dividing according to the order of 
objects for which a particular installation 
is used, which permits of more easily com- 
paring the applications of different types. 


Paragraph 2, on the contrary, groups the 
information obtained from the particulars 
provided, which have not been taken up 
in any general form in the first part. 


* * * 
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DETAILS OF CONSTRUCTION OF RADIO SETS AND ACCESSORIES USED 


WITH THEM. 


Communication between trains and fixed points. 
German Federal Railways (D.B.). 
Object : Communication between assisting engine and block or other signal boxes. 


Type of apparatus. . . 
H.F. ranges 


B.F. range 


Emittive power... . 
Modulation eee eee 
eRUNINg etane cecum 
requencicsuae= sm 
Frequency control. . . 


Speech transmission . . 


Acrialsa. Sires Hb, ate 


Power supply . 


Characteristics 


Portable radio sets. 

70.025 ~ 70.750; 80.025 = 80.75; 165.7 — 166.0; 170.2 
170.5; 166.1 + 166.8; 170.6 + 171.3 MHz. 
200 ~ 3 000 Hz. 

0.2 + 0.4 W. 

Frequency. 

10 ~ 12 kHz. 

Maximum of 3. 

Quartz. 

Simplex. 

5 km (3 miles) maximum. 

by resonant tone at 1 750 Hz. 


Micro-telephone with push button in hand set to change 
from receiving to transmitting. 

Steel tape A/4 (quarter wave) for movable equipment; 
for fixed equipment and on locomotives, the same as 
used in marshalling yards (which see). 


For portable equipment : batteries. 

For fixed equipment : trickle charged batteries or outside 
supply. 

Capacity : 6.5 ~ 9 Ah, sufficient for 5 ~ 8 hrs. 


Mediterranean-Niger Railway. 
Object : Permanent communication with moving trains for train dispatching purposes. 


Type of apparatus 
H.F. ranges 


Emittive power ... . 


Modulation . 


Stability 
Degree 


of modulation 


Speech transmission . . 


Fixed (not portable). 


6.5 + 7.0 and 5.5 =~ 6.0 MHz by day. 
3.0 + 3.5 and 3.5 + 4 MHz by night. 


Fixed apparatus Movable Movable 
on trains on railcars 
60 + 80 W 20 W 35 W 
Push-pull; the H.F. level functions Push-pull; the 
in class C and is modulated on the B.F. level func- 


anodes and protective grids by a 
push-pull modulator functioning in 


tions in class C 
and is modulated 


class AB 2. on the _ control 
grids by a 5 W 
modulator. 

2.10-40° for a band variation of + 8 %. 

up to 80 % UD Mm tOMODun 7A 
about 100 km (62 miles) 
Simplex. 

By tone over 8 W By tone over 5 W 

loudspeaker loudspeaker. 

Carbon micro- Carbon microphone with push button 

phone. for transmitting. 


Micro-telephone 
in parallel with 
that. 


_ = 
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Gave 


1.1.4.1. 


e) Type of aerial. 


a) Power supply 


b) Characteristics 


_ 


Fixed apparatus 


Loudspeakers or 
receivers. 


Hertz — Windom 
A/2 (half - wave) 


Aerial selected by 
dialling according 
to the frequency. 
Sensitivity to di- 
rection given. 
Counterpoise or 
earth formed of 
group of wires 
connected to earth. 


Outside — supply 
with 1. KVA buck- 
boost transformer. 


110 V, 50 Hz. 


Italian State Railways (F.S.). 


Object : Communication with trains for service purposes and between passengers 
and the public telephone service (long distance trials). 


Details made known concerning trial equipment : 


a) Ee range: = 


b) Enmittive power . 


Modulation . 


Number of channel . . 


Range 


110 MHz. 


30 W. 
frequency. 


iy 
34 km (21 miles). 


Royal Cambodian Railways. 


Object : 
a) H.F. ranges 


ib) Bmittivespowet =... 


Modulation . 


Frequency control. . 


Range 


CymmGallinc ane. 
d) Speech transmissi 


Cy) Aerials 5 Se 2d 5 ius 


on ... 
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Movable 
on railcars. 


Receivers. 


Wire 


stretched between 


the ends 


of the vehicle. 
Length : 


14 m (15 yards). 


25 m (27 yards). 


The mass of the installation is linked 


to the frame of 


Same aerial for 
transmitting with 


Lead-acid battery 
with about 6 hrs 
reserve. 


12 V, 90 Ah for 
transmitter : ge- 
nerating motor 
12/500 V 0.200 A. 
For receiver 
generating motor 
12/200 V 0.100 A. 
Heating by a 12 V. 
battery. 


the vehicle. 


reception as for 
relay change-over. 


Battery. 


24 V, 450 Ah, for 
transmitter : ge- 
nerating motor : 
24/1200 V, 0.3 A. 
For receiver 
generating motor 
24/300 V, 0.100 A. 
Heating by a 24 V. 
battery. 


Antiparasite for all electric apparatus. 


4.270 and 2.6925 MHz. 


S.R.A.T. 
ER 360 


60 W 


amplitude. 
quartz. 


S.R.A.T. 
ER 315 


15 W 


50 km (31 miles) maximum. 


Audible. 


Communication with trains for service reasons and to provide safe working. 


W.S.M.K. 
Il 19 


20 W 


Loudspeakers and receivers for reception. ww 
Microphone with push-button for transmission. 


Single wire and whip type. 
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1.1438 a) Powerisupply i -. - In the towns of Pnom-Penh (220 V) and Battambang 
(110 V), local A.C. supplies; 
Elsewhere : accumulators and generators. 
c) Characteristics . . . . Accumulators : 6 V, 150 Ah, cadmium nickel. 
Charging units : 12 V, 300 W. 


(aise French National Railways Company (S.N.C.F.). : 
Technical reports show that the §.N.C.F. had made trials before the last war, taking 
them up again after it. In these later trials were used : 


aS ii le GG) Eagan ce aera ee 1 420 MHz. 
Emittive power .... 4 W. 
The trials were carried out on lines on which there were tunnels and up and down 
gradients. The distances were 1 200 to 1 550 m (1 312 ro 1 640 yards). «Horn » 
type aerials were used. 


1.2. Communication between staff on a train. 
12a Austrian Federal Railways (O.B.B.). 
Object : Communication between train engine and assisting engine (trials on mountain 
lines). 
ey Aaeils a) Type of apparatus . . Portable sets. 
HF grancey, seen i 156 =~ 168 MHz. 
BE range. scares | 300 ~ 4 000 Hz. 
b) Emittive power .... 0.4 W. 
Modulation: . 27% - Frequency. 
Range of tuning. ... + 15 kHz. 
Frequency control. . . Quartz. 
Systemic 7A SaGsee Simplex. 


Gap between channels . 100 kHz. 
Sensitiveness of reception 1.5 V for an interval of 20 db. 


Weithtin rms aoe about 6 kg (13 lbs.). 
Cj Alling. axecunoics Sens by resonant tone 1 750 Hz. 
d) Speech transmission . . Micro-telephone with push-button changeover from re- 
ception to transmission. 
CIEE ACTIAIS ar  ee e ee A/4 (quarter wave) steel tape, for both transmission and 
reception. 
1e2 2: The apparatus is installed on locomotives as occasion requires. 
Patek a) Source of power. . . . Accumulators and vibrator, or local supply. 
b) Characteristics .. . . Heating : 2 V, 9 Ah; anode feed : 4 V, 13.5 Ah sufficient 


for about 8 hrs. transmission of 20 %. 
pauipment working from local supply from 110 to 220 V, 
50 Hz. 


1222: Belgian National Railways Company (S.N.C.B.). 
Object : as given in 1.2.1. (trials in tunnels). 
No information available regarding this equipment. 


1.3. Radio-telephony in marshalling yards. 
131. Communication between a fixed point and the locomotive. 
PSelele German Federal Railways (D.B.). 
1.3.1.1.1. a) Type of equipment .. Fixed (not portable) apparatus. 
H.F. ranges . . . . . 70.025 + 70.750 MHz; 80.025 + 80.750 MHz. 


Bebo ranges, aeeee ie 200) 283) QOORETZ: 
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b) 


c) 
d) 
e) 
3°61. 
1.3.1.1.3. a) 
b) 
13:12. 
13624, a) 
b) 
c) 
d) 
e) 
“es 
1.3.1.2.3. a) 
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Emittive power .-. . . 
Modulation. ..... 
Tuning-ranpge .. 2. 
Frequencics']- .. se 
Gap between channels. 
Frequency control. . . 
Speech transmission . . 


ET Sighcn- et eg a 


Arrangement ..... 


Sources of power . . 


Characteristics 


Belgian National Railways 


Type of equipment 
ee i a on 


Emittive power... . 


Modulation. ..... 
Frequencies = st. a. 
Systenstse- as, eee es 


Galtincy Port ts. eee 
Speech transmission . 


Aesiiseea sctie. at. 


Bendix system 


Source of power. .. . 


hitherto 10 W; in future 3 W. 
frequency (F.3). 
10 ~ 12 kHz 


maximum of 6. 
at present 100 kHz; in future 50 kHz. 


Quartz. 

Simplex. 

by voice 

Microphone _ loudspeaker. Special push-button for 
changing over from reception to transmission. 

Fixed equipment : Movable equipment : 


dipole orarrestorhead(Sperr- Rod or developed dipole 

kopf) type A/2 (half wave). 2/4 (quarter wave) special 
short height pattern 320 mm 
(12.59 inches). 


Transmitter and receiver either at the end of the locomotive _ 


or at the side, by footplate steps. 


Fixed equipment. Movable equipment. 

From main supply. On steam locomotives 
(24 V) turbo-generator; on 
electric locomotive : 24 V 
battery. 

Power of turbo-generator : 500 W. Batteries on electric 

locomotive have about 180 Ah capacity. 


Company (S.N.C.B.). 


Fixed (not portable) apparatus. 

38.7, 38.8 MHz. 

158.160, 162.840, 162.960. 

163.440, 166.080, 166.200 MHz. 

460 — 470 MHz (intended but not as yet in use) 
300 ~ 3 600 Hz. 


Bendix, fixed set DO-W; 
movable set : 12 W; 
Pye, fixed set eel 2 WV = 


movable set : 5 W. 
Bendix : frequency, 
Pye : amplitude. 
either 2 or 5. 
Simplex. 
by voice. 
Loudspeaker and microphone; on locomotives also hand 
sets. Push-button changeover from reception to transmis- 
sion. 
Fixed equipment : A/2 (half wave) with vertical polari- 
sation. 
On locomotives : « ground plane » type. 


Transmitter and receiver on cab roof. 


Fixed equipment : Movable equipment : 

From main supply. 24 V 500 W D.C. 
turbo-generator, specially 
stabilised voltage. 24 V, 
battery fed to rotary con- 
verter set furnishing A.C. 
voltage. 
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logis 
Tesisilesist 


eSeleseze 


1.35133 ;3. 


1.3.1.4. 
1.3.1.4.1. 


1.3.1.4.2. 


1.3.1.4.3. 


ideshi lens 
Sal sds. 


a) 
b) 


c) 
d) 
e) 


a) 


a) 
b) 


a) 


a) 
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Spanish National Railways (R.E.N.F.E. }} 


Type of equipment 
High frequency ranges . 


Emittive power... . 
Modulation . . 2 eke 
Method of transmission. 


Calling et Owe ss sucrose 
Speech transmission . . 
Acrialsyrges. <5 «sme 


Fixed (not portable) apparatus. 
30 ~— 60 MHz and 300 =~ 2 700 MHz. 


25 W. 
frequency. 
Simplex. 

by voice. 

by microphone. 


Fixed equipment. Movable equipment. 
Vertical A/2 (half wave). Vertical A/4 (quarter wave). 


Fixed equipment in the hump post (poste de butte); movable, on the locomotive, 


protected against shock, 


Source of power. .. . 


French National Railways 


Type of equipment 

Be anges: aise ee 
Emittive power . . 

Modulation. .... : 
BrequenCics- seen 
Frequency control. . . 
Systeme esc cas peas 
Galling™. eee. Pe 


Speech transmission . . 


AGHIOS fae teri keer eee 


Fixed equipment. . . 
Controlling apparatus. 


Movable equipment on 
locomotive es 


Source of power. 


vibration, heat and damp. 


Local supply or batteries for fixed equipment; batteries 
for movable. 


Company. 


Fixed (not portable) apparatus. 

156 ~ 174 MHz. 

8 to 10 W. 

Frequency. 

up to 6. 

Quartz. 

Simplex. 

by voice, either way. 

Microphone with push-button changeover from reception 
to transmission; loudspeaker. 

A/2 (half wave) folded in horn shape; « ground plane » 
formed of 4 bars A/4 (quarter wave). 


On desk or wall in hump post (poste de butte). 

Fitted with 3-position switch, «off» «heating » and 
« operating », 

frequency switch. 

Voltage indicating lamp, 

Microphone on support in position to catch voice of 
shunting supervisor, 

Aerial on signal box roof, if need be raised on a post, 
Different items (transmitter, receiver, and feed equipment) 
connected by cables and plug connectors. 


Transmitter and receiver mounted on cab side with elastic 
suspension. Aerial at front of locomotive. Controlling 
apparatus above the desk within voice range of driver. 
Connections by armoured cables. 


With fixed equipment, the local supply (110 + 220 V, 
50 cycles). 

For movable apparatus, two converter sets for anode 
tensions of the receiver and transmitter. 


Italian State Railways (F.S.). 


Type of equipment 
HER stranger... 
B.F. range 


Fixed (not portable) type S.C.R., 552 modified. 
156 MHz. 


300 = 5 000 Hz. 
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8 Shen 


| oa Peake B 


1.3.1.6. 


1.3.1.6.1. 


1.3.1.6.2. 


1.3.1.6.3. 


1.3.1.7. 


erevea 


1.3.1.7.3. 


b) 
c) 


d) 
e) 


a) 


b) 


a) 


b) 


c) 


d) 
e) 


a) 


a) 


b) 


c) 
d) 
e) 


a) 
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8 W. 


By voice or morse signals over loudspeaker. 
Receiver with B.F. 10 W low frequency output. 


Electro-dynamic loudspeakers and microphones. 
2/2 (talf wave) « ground plane » type. 


Emittive power--... 
Calling 


ACESS ©... aera 
The fixed equipment is placed in the signal box, the movable on the locomotive, spring 
suspended. 

Source of power. . . . Fixed equipment : 
local supply 


Movable equipment : 
locomotive battery and mo- 
tor generator. 


Characteristics 150 Ah capacity. 


Swiss Federal Railways (C.F.F.). 


Type of equipment Fixed (not portable) apparatus. 
MHz. 


FER Coca | 2 sas 34.4 and 38.8 

Emittive power . res 25 Wi: 

Modulation. ..... Push-pull 

Frequencies ja 

ectlator ye. 8 Quartz 

Syaicwieee. Se FR o Fe Duplex 

oo ae eee By selective dial. Hooter for movable equipment (on 


locomotives) and bell for fixed equipment. 


Aerials 


Fixed equipment. ... 
Movable equipment . . 


Micro-telephone. 


Movable equipment : 
Whip type. 


Fixed equipment : 
Dipole type. 


In hump post (poste de butte). 
On side of locomotive accessible from the ground. 


Movable equipment : 
locomotive battery via con- 
verter set. 


Fixed equipment : 
local supply. 


Source of power. ... 


Colonial Transport Operating Department (OTRACO). 


Type of equipment Fixed (not portable) Motorola type. 


RE PANGS os sa Ss 152 = 174 MHz. 

Emittive power .... 10 W. 

Modulation. ..... Frequency. 

Tuning range..... + 15 KHz. 

Frequency control . Quartz. 

Sensitiviness of receiver. 0.6 V for an interval of 20 db. 

Pequencese 2 oo oh De 

Caine 2 ee: eat Selective and general, by means of call push-buttons. 
Speech transmission Microphone and loudspeaker. 

(tor e| ee a ae Vertical in all cases. 


Movable equipment : 
locomotive battery. 


Fixed equipment : 
local supply and 
charged battery. 


Source of power. ... 
trickle 
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1.3.2. 


16322210 
ioehPatlal ic 


PSi2e1e3. 


ashes 
BES e2. elle 


b) 


c) 
d) 


a) 


b) 


c) 


d) 
e) 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


Communication between wagon marker and hump cabin. 
German Federal Railways (D.B.) (Trials). 


Type of equipment 


H.F. range 


IPGR TENN! ears 6 em 
Emittive power ... . 
Modulation. ..... 
Tuning range 
Frequency control. . . 
System 
Gap between channels. 


Speech transmission . . 


Aerials 


Ch Cea ome 


Source of power. . 
Characteristics 


French National Railways Company (S.N.C.F.) (Trials) 


Type of equipment 

EUR ranges ee eee 
Emittive power... . 
Modulation. ..... 
PAG 6 We 6 oo 6 = 
Inkequcncies ya mna anaes 
Calling? eats res Be 


Speech transmission . . 


Aerials 


Portable : 

Teleport II, Funkstat la Ke 

Telefunken Siemens & Lorenz 
Halske 

esi, I 156 = 174 30 = 170 
MHz. MHz. 
300 — 3000 
Hz. 
0.5 W. 0.3 W. 

Frequency. 

Sim 1SikKz. + 17 SukKHIz; 
Quartz. Quartz. 
Simplex. Simplex. 
100 kHz. 150 kHz. 
3.6,00°¥. pe. 
8kg.(17lbs). 4.3 kg.(9 lbs.) 


tone, at 1 750 MHz. 


Micro-telephone with push- 
button changeover from 
reception to transmission. 


Tape A/4. 
(quarter 
wave). 


Batteries. 
Heating 
battery, 1.5 
V, 20 Ah; 
for convert- 
ing to A.C. 
6 V, 20 Ah. 
Capacity 8 
hr. at 20 % 
transmit- 
ting and 80 
% receiving. 


Portable and non-portable. 
31.7 + 41 MHz. 
Fixed equipment : 20 W. 


Tape A/4. 
(quarter 
wave). 


Batteries. 
Edison type 
accumula - 
tor and vi- 
brator. 

4 to 5S hours 
capacity. 


Amplitude. 


Duplex. 
Maximum 6. 
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Portafon 6 
Huber & 
Brendel. 

(No details 
available). 


Portable equipment : 0.3 W. 


By voice for movable equipment on common frequency. 
Each portable equipment calls the fixed post on its fre- 


quency. 
Micro-telephone and loud- 
speaker. 

Transmitting aerial A/4 with 
as many such for receiving 
as there are frequencies 
(quarter wave). 


Loudspeaker with directable 


microphone. 


A/4 (quarter wave). 
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$23.22,2 


NES Pear 
1.4. 
1.4.1. 
AAAS. 
1.4.1.1.1. 


1.4.1.2. 
1.4.1.2.1. 


1.4.1.2.2. 
1.4.1.2.3. 


1.4.1.3. 
1.4.1.3.1. 


1.4.1.3.3. 
1.4.1.4. 
1.4.1.4.1. 


1.4.1.4.3. 


a) 
b) 


a) 


a) 
b) 


c) 
d) 


e) 


a) 
b) 
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Method of fitting. . . 


Source of power. . . . 


Characteristics 


Not yet definitely decided. On a frame carried in front 


of the operator himself. 


Local supply. Battery and vibrator. 


Accumulator : 2 V, 12 Ah. 
Capacity : 4 + 5 hours. 


Radio-telephony for other purposes. 


Communication with permanent way gangs. 


Belgian National Railways Company (S.N.C.B.). 


Type of equipment 


French National Railways 


Type of equipment 


Hib tanger. 6 


Emittive power... . 


Modulation. .... 


AN (soc ee) CEL ee eee 


Weight . 


iedinstions: oO 


Speech transmission . . 


Neriaiste Siewse caus 


a) b) 
Teleport II portable. Motorola, no details avail- 
(sees 12.4). able. 


Company (S.N.C.F.). 


Portable. 

156 + 174 MHz. 

2 W. 

Frequency. 

Quartz. 

Simplex. 

11 kg. (24 lbs.) with batteries. 

By voice, reception over loudspeaker, audible over several 
yards distance. 

Micro-telephone with push-button changeover from re- 
ception to transmission. 

Possibility of connecting a small loudspeaker to the 
apparatus. 

A/4 folded (quarter wave) (double with three elements). 


Equipment mounted on a light metal post fixed to the ground by a special attachment. 


Source of power. . . 


Characteristics 


2 lead-acid accumulators, one for heating,.the other for 
providing the anode voltage through’ a’ vibrator. 
Capacity of each battery : 28 Ah; voltage 6 V. 
Plexiglas containers with liquid absorption. 


Italian State Railways (F.S.). 


Typeswused ies <7. 


Handie-Talkie 3 ~ 4 MHz. 

Walkie-Talkie Bc 695 B : 0.5 W, 31 MHz, 
Bc 1 000 A : 0.5 W, 40/48 MHz. 

Feldu : 0.5 W, 180-240 MHz. 


Portable equipment fed from dry batteries or alkaline Fe-Ni cells. 


Netherlands Railways (N.S.). 


Type of equipment 
H.F. range . 
Emittive power . 
Modulation . 
SVStCLNomELa 


Caner 


Speech transmission . . 


Aerials . . 


Source of power. . . 


ECKO wireless No. 88 portable type. 
40.4 and 40.9 MHz. 

1 W. 

Frequency. 

Simplex. 

By voice. 

Micro-telephone. 

Rod type. 


Dry batteries. 
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141.5. Swiss Federal Railways (C.F.F.). 
1.4.1.5.1. a) Type of equipment . . Portable. 
EGE stance aeecmen . 70 MHz. 
b) Emittive power... . 0.5 W. 
Modulationene-m crcl Amplitude. 
SiGiStil gh a 6 2 5 5 4 Simplex. 
Oy (CUMING 5 4 6 08> 6 oc By voice. 
d) Speech transmission . . Micro-telephone. 
GQ) INGO, 5 6 gg 2 0° 4 Whip type. 
1.4.1.5.3. Source of power. . . . Dry cells, 8 to 10 hour type. 
1.4.2. Communication between driver and wagon examiner (brake tests). 
1.4.2.1. Swiss Federal Railways (C.F.F.). 
1.4.2.1.1. a) Type of equipment .. Portable, Handie-Talkie pattern. 
eH aranger a aeet 24 MHz. 
b) Emittive power .... O.1 W. 
Modulationy. =e Amplitude. 
Frequency control. . . Quartz. 
Systeme es nwo Gee Simplex. 
Weight ca-setneceeess. os 2:5) kg (S.5" Ibs:); 
GC) me Calling same weet ee: By voice. 
d) Speech transmission . . Microphone and telephone. 
ey eActialSoe a seca) Whip type. 
14.2023. Source of power. . . . Dry cells. 
1.4.3. Communication between fixed points (radio links). 
1.4.3.1; German Federal Railways (D.B.). 
1.4.3.1.1. a) Type of equipment . . Fixed (not portable) apparatus. 
H.F. range... .. .°41 + 68 MHz in two partial ranges. 
Transmitting range. . . Up to 120 kHz. 
b) Emittive power .... 50 W. 250 W. 1.5 W. 
Modulation. . ... . Frequency. 
Number of channels. . 1 service conversation and 12 telephone channels 4 kHz, or 
1 such conversation and 15 channels, 3 kHz. 
Frequency control. . . Quartz. 
c) Calling. .... . . . According to the method in use on the particular channel 
concerned. 
d)\ AcrialS saree. mile. Wee Directional pattern. 
LE aan ce aera eee 41 — 68 MHz. 


Field unit (Champ unitaire). 
Saving of aerial per field 17 (Gain d’antenne par champ 17). 


1.4.3.1.3. a) Source of power. . . . Local supply; 
In case of failure : standby equipment. 
by) Characteristics", 9 50" W. 50 W. 1.5 kW. 
Consumption eee ee ON AG 2 kVA. 3.5 kVA. 
1.4.3.2. Spanish National Railways (R.E.N.F.E.). 
ARShPail (7) Mair, iI 5 5 ooo 4 o ‘Weanaerminy & Permanent : 


2 + 8 MHz divided into Frequencies fixed between 
2 bands : 2 + 4.5 and 4.5 3.5 and 14 MHz. 
to 8 MHz. 


BiPerancemeeee, ee. 300-2 700 Hz. 
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b) Emittive power 4 20 W. in the case of 250 W. 

: non-modulated carrier wave. 
Modulation. ..... Amplitude. 
DV SUCI emu ates.) csiles Simplex. Duplex. 

Cre Calling: ty. ee Rafe 8: Communication is arranged Modulation of the carrier 
to take place at certain waves by two tone fre- 
prescribed hours. quencies. 

d) Speech transmission . . Micro-telephone. Micro-telephone. 

apeAcialsieey.. fue Es. L. form, total length 3/4. Horizontal dipole 2/2. 

1.4.3.2.2. Where used?” 9) .es ) In stations. One transmitter, 2 receivers, 
a teleprinter calling selector 
and power supply located 
in a room in the station. 
1495223. Source of power. . . . Converter from 12 V to 275 Local supply, A.C. 127 | 
and 500 V or rectifier; or 220 V, 50 C/sec. and ~ 
125/12 V, 3A, a relief generating group 
125/175 V, 0.15A, @r 8) Te WE 
125/500 V, 0.15 A. 
1403.3: Italian State Railways (F.S.). 


These railways have provided the following information 
a) Installations connected with a regional division, or a power supply aréa : 


American SRC 399. 


Transmitter BC 610 (S00 W-cw, 350 W — Ph, 2-18 MHz). 


BC 313. 
5) Calabria and Sardinia : 
American types, 


Transmitter BC 375 (70 W-cw) 30 W — Ph, 1.5-12.5 MHz). 


Qa) Sicily % 
American types. 


Transmitter RCA and 4 336 H. 
(350 W-cw, 250 W-Ph, 2-20 MHz). 


d) Straits of Messina. 


Receivers BC 342 and 


Receivers BC 348. 


Receivers Be 348. 


German modified « Michael » type (0.5 W — 500 — 600 MHz), two speech channels, 
1 telegraph and 1 teleprinter channel. 


2. Breakdowns and their prevention. 


As regards the subdivisions of this sec- 
tion, the Administrations have provided the 
following replies :— 

a) Failures in the equipment. What steps 
are taken when the equipment or current 
supply break down. 

When a failure occurs, the first step taken 
is to try and localise it. In the case of 
fixed installations, the instruments neces- 
sary for this purpose form part, as a rule, 


of the equipment itself, or else are part of 
the apparatus with which the maintenance 
staff are provided. Movable equipment 
such as that carried on locomotives is with- 
drawn from service when a failure takes 
place. When the fault is found, the de- 
fective item (valve, etc.) is changed or any 
actual piece of apparatus (transmitter, re- 
ceiver, etc.) replaced by a spare one. In 
stations where there is a large user of 
vehicles there is generally a spare one with 
transmitter and receiver, in order to avoid 
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delays in carrying out the work as a con- 
sequence of failures. 


Most often the various items of equip- 
ment are connected to the general wiring 
and cabling by plug connectors which faci- 
litates interchangeability. The S.N.C. B. 
reports that this feature enables an item 
of equipment to be changed in two min- 
utes by non-specialised staff. The D.B. fol- 
lows the same practice in the case of 
failures, and when a defect is found to be 
serious, sends the apparatus for repair to 
its own central communications workshop. 


As regards ordinary preventive mainten- 
ance reference may be made to Part I above. 
As complementary to this may be men- 
tioned the measures taken by the Mediter- 
ranean-Niger Railway which inspects all 
installations on trains before they start on 
a journey to make sure everything is work- 
ing correctly. Failures of the equipment 
supplying the current are always dealt with 
by the railway’s own trained staff. 


b) Failures due to reception conditions. 
What steps are taken as regards failures 
caused by atmospheric disturbances or 
interference. 


Reference has already been made in 
Part I to the importance of failures pro- 
duced by atmospheric conditions. When 
these give rise to an appreciable nuisance, 
« fading » phenomena can be partly got 
rid of by increasing the transmitting power. 


c) Failures due to external causes (outside 
transmitters, electric train operation, etc.). 


Where disturbances are experienced from 
other transmitters or other sources of inter- 
ference, the D.B. reports the first step. is 
to find out the cause and when this is not 
possible with the means at its disposal or 
when the disturbance is due to some instal- 
lation not belonging to the railway, the 
Postal Department is requested to take the 
necessary measures. 


The railway management deals with 
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interference arising from its own installa- 
tions and the Postal Department with any 
other. 


The information contained in Part II 
may be summarised as follows : 


Steps are taken to ensure that the con- 
struction of the wiring and cabling is such 
that failures are kept within the same limits 
as those applying to ordinary telecommunic- 
ations equipment. ‘Thus from the construc- 
tional point of view account has been taken 
everywhere, where conditions require it, of 
the importance of being able to withstand 
mechanical stresses, the risk of dirt accu- 
mulating, and the need to allow heat to 
escape freely. 


All this, however, can only be regarded as 
a first step. Manufacturing engineers have 
still the task of studying with care every 
means of improving the apparatus. In rail- 
way working the reliability of the telecom- 
munications plays an extremely important 
part in enabling traffic to be carried on 
without interruption, and only if that is 
fully realised can any extension of radio 
methods be counted on. From the elec- 
trical point of view account has been taken 
of experience gained in the last few years. 


One thing to be noted is the increased 
development of frequency modulation 
which, compared with the amplitude form, 
offers a greater safeguard against inter- 
ference, especially on electric lines. In 
addition, as far as information received 
allows of knowing, the apparatus is always 
fitted with quartz control led frequency 
oscillations, which ensure the frequency 
being kept very constant. The increasing 
use of radio installations for many different 
purposes has already led and will do so 
more still to an overlapping and conges- 
tion of frequencies in the ultra-short wave 
ranges. ‘This has caused certain manage- 
ments, for example the D.B., to lay down 
stricter delivery conditions for radio equip- 
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ment and to reduce the interval between 


channels for frequency modulation from 
100 to 50 kHz. 


Future operating experience, which must 
be carefully collated, and technical develop- 
ments will show the best waves to choose in 
the different fields of application on the 
railway. We can only refer readers to the 
different trials carried out by European 
and American Administrations, very briefly 
described in the first part of this present 
report, regarding the propagation of waves 
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in tunnels, the results of which seem to 
show that in this field it is decimetric waves 
(ondes décimétriques) which are the most 
advantageous. 


Owing to these facts, certain Administra- 
tions have already asked the Authorities 
controlling radio to reserve them frequen- 
cies in the decimetric and centimetric fields 
(domaines décimétriques et centimétri- 
ques). The other Administrations can only 
be recommended to take similar steps in 
their cases. 


* 
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INTERNATIONAL RAILWAY CONGRESS ASSOCIATION 


16th SESSION (LONDON, 1954). 


QUESTION 4. 


Means and methods to improve the efficiency 
of steam locomotives : 
a) increase of steam pressure, 


b) types of grates, 


c) superheating of the steam, 
d) preheating of the feeding water, 


e) feed water treatment, 


etc. 


REPORT 


(Austria, Belgium and Colony, Bulgaria, Czechoslovakia, France and French Union, 
Germany, Greece, Hungary, Italy, Luxemburg, Netherlands, Poland, Portugal and 
Colonies, Rumania, Spain, Switzerland, Syria, Turkey and Yugoslavia), 


by Dr. Ing. M. Drecout, 


Inspecteur en Chef Supérieur au Service du Matériel et de la Traction des Chemins de fer de 1’Etat italien. 


FOREWORD. 


At the time of the Paris Congress in 1937, 
when this question was last dealt with, the 
' steam locomotive had reached a full and 
brilliant condition of maturity, following a 
period of some ten years of intense deve- 
lopment due to technical collaboration be- 
tween Administrations, which had provided 
the means for achieving some very remark- 
able performances. 

Seventeen years have passed since then; 
the position of the steam locomotive has 
now changed because of the progressive 
claims of other types of motive power and 
new economic and general conditions; its 
future is debatable and limited in time. 


At the same time, it has seemed oppor- 
tune to obtain the views of the various 
Administrations on this point, by extending 
the investigation to the present state of 


Note: 


In the present Report, certain Administra- 
tions have been indicated by abbreviations as 
follows : 

— D.B.: German Federal Railways; 

— F.S.: Italian State Railways; 

—. 0.B.B.: Austrian Federal Railways; 

— R.E.N.F.E.: Spanish National Railways; 

— §.N.C.F.: French National Railways; 

— S.N.C.B.: Belgian National Railways; 

— §.N.C.Lux.: Luxemburg National Rail- 
ways. 
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steam traction in relation to other types, 
and also forecasts of possible development 
during the next ten years. 


Amongst the 63 Administrations to whom 
the questionnaire was addressed, only 12 
have replied and it cannot be claimed that 
these replies all contributed positive 
information. This shows that many Admi- 
nistrations considered they had no informa- 
tion of interest to contribute. 


A. Increased boiler pressure. 


Boiler pressure considered preferable 
and reasons for this preference. 


Table A summarises the characteristics 
(including the pressure) of the more mo- 
dern and important steam locomotives used 
for train working on the various railways 
concerned. 


In view of the importance of the ques- 
tion, however, it is worth while to add 
some considerations mentioned by the 
Administrations in question. 


The S.N.C.F. which has amongst its most 
modern types 504 locomotives with a pres- 
sure of 20 hpz considers increased boiler 
pressure to be advantageous in order to 
increase the gross power and the efficiency 
of the drive. It is possible to increase the 
superheat temperature with the raising of 
the pressure to maintain the same relative 
degree of superheat; however, in view of 
the difficulties encountered in the use of 
superheat temperatures in excess of 400° C, 
a pressure of 18 hpz should be exceeded 
only where the locomotive is designed for 
very high speed running, experience having 
shown that in this case the surface friction 
is reduced. 


These boilers, pressed at 20 hpz show 
goods results in service and suffer no 
defects other than those encountered in 
other boilers, the frequency and_ severity 
being comparable. 


The D.B. has obtained the best results 
from boilers pressed at 16 atm. (15 hpz); 


they have in service 3391 locomotives 
which operate at this pressure. 
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The D.B. consider the net efficiency of 
the boiler to be practically independent of 
the steam pressure, because if it is accepted 
that with equal superheat temperature, the 
superheater must provide a smaller amount 
of heat whilst the boiler pressure is increas- 
ed, the reduction is at the same time so 
small that it cannot affect the final result. 


Trials undertaken by the D.B. with boil- 
ers pressed at 25 and 20 kg/cm? (355 and 
284 Ibs per sq. inch) have not resulted in 
any important increase in the overall effi- 
ciency of the locomotive; on the contrary, 
they have given rise to numerous difficult- 
ies in service which have resulted in in- 
creased operated expenses. 


Pressures were consequently reduced. 


The reasons for this unsatisfactory be- 
haviour are attributable more to the ma- 
terial from which the boilers were manu- 
factured, rather than to the actual increase 
in pressure. 


In fact, with the object of reducing 
weight, the D.B. used St. 47 K high tensile 
steel which did not fulfil expectations and 
showed itself to be unsuitable for welding. 


Furthermore, St. 34 steel which gave 
good results in normal boilers, would have 
been too heavy in boilers of higher pres- 
sure. 


Boilers pressed at 16 atm. by comparison 
with those of a lower pressure, do not 
require any special maintenance require- 
ments; nor any special regulations regard- 
ing periodical overhaul. 


The R.E.N.F.E. indicated a preference 
for boilers with a pressure of 16 or 17 atm., 
which are fitted to about 500 of its locomo- 
tives and this takes account of the fact 
that, even if higher pressures up to 20 
kg/cm?’ give higher efficiency, the mainten- 
ance cost is increased by the frequency of 
periodical inspection and cost of repair, 
whilst the percentage of work is reduced. 


Operation of 10 locomotives pressed at 
20 kg/cm’ has shown the necessity for 
humerous repairs, which led to the boiler 
pressure being reduced to 18 atm. 


The S.N.C.B. whose locomotives have 


— » 


ne, Memmi eg: 
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pressures varying between 12 and 18 kg/cm? 
(170 and 256 lbs per sq. inch) is of the 
opinion that a pressure in excess of 16 
kg/cm? (227 lbs per sq. inch) necessitates 
either the use of carbon steel plates of too 
great a thickness, which causes difficulties 
in mounting and steam tightness, or alter- 
natively the use of alloy steels which are not 
free from defects. 


The other railways included in the Table 
have not had occasion to undertake trials 
with engines pressed above 16 kg/cm’. 


For the construction of boilers pressed at 
18 kg/cm? or above, therefore, special steels 
have been used, but only the S.N.C.F. has 
obtained good results in service. This 
Railway has generally used, since 1930, in 
boilers of 20 hpz, nickel steel ( 2 1/2 %) 
plates with the following characteristics : 


elastic limit : 29 kg/mm? (18.41 t per 
sq. inch); 

breaking load : 50 kg/mm? (31.75 t per 
sq. inch); 


elongation : 20 %. 


As this weldable steel is fairly sensitive 
to wide variations in temperature it is 
necessary to restrict the use of welding in 
repair work and to take special precau- 
tions. 

The formula used to determine the thick- 
ness of plate is given by : 


; p-.D 
200 .e 
where : 
f = fatigue expressed in kg/mm/; 
p = pressure in hpz; 


D = diameter of boiler, and 
é 


= thickness of plates in mm. 


The value adopted for the fatigue f is 
about 9 kg/mm? (5.71 t per sq. inch) for 
the nickel steel plates (10 kg/mm? [6.34 t 
per sq. inch] with 2 mm [5/64] wear). 

The repair methods, maintenance, pe- 
riodical examination and inspection regul- 
ations for these 20 hpz boilers are similar 
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to those of other boilers except with regard 
to smoke tubes, which must be fitted new. 


With regard to trials undertaken with 
special high pressure locomotives, the 
S.N.C.F. tested just before the last war the 
following types which were under construc- 
tion or in the design stage at the time of 
the 1937 Congress : 


— with Velox boiler, 20 hpz; 
— turbine, pressure 25 hpz; 
— multi-cylinder, pressure 60 hpz, 


but none of these were returned to service 
after 1945. On the D.B. the widely known 
and unsatisfactory trials with special high 
pressure types have had no repercussions 
and no other Railway can be said to have 
achieved any practical progress in this 
direction. 


For new boilers to be built, opinion is 
in general divided between 16 and 18 
kg/cm’. 

In fact, the D.B. having regard to the fact 
that progress in the technique of welding 
offers certain favourable possibilities have 
in mind boilers of 18 kg/cm’, constructed 
of ordinary St. 34 steel. The increase in 
weight resulting from the use of thicker 
plates would be offset by the reduction 
realised by extended use of welding in the 
construction of the boiler, frame and other 
parts. 


The R.E.N.F.E. confirms its preference 
for pressures of 16 to 17 kg/cm? (227 to 
241 lbs per sq. inch) and the figure of 
16 kg/cm? is favoured by other Administra- 
tions, including those of the Colonies who 
consider that for their systems, it is not 
desirable to exceed this pressure. 


The S.N.C.F. alone, although they have 
not sufficient experience to decide at what 
pressure increased maintenance cost over- 
rides the advantages, consider that the 
adoption of a pressure of 20 hpz has not 
caused increased maintenance. Although 
there should not in future years be any new 
steam locomotives built on the S.N.C.F., 
because of the extension of electric trac- 
tion, the question of size had caused them 
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to consider a pressure of 22 hpz for the 
design of future powerful locomotives. 


Summaries. 


— Increasing boiler pressure is recognis- 
ed as of practical value in improving the 
specific power and efficiency of the loco- 
motive, but beyond a certain limit it causes 
increased maintenance costs and even in- 
creases the percentage of time out of ser- 
vice, which can seriously affect the financial 
position. 

— It is the general opinion that this 
limit may be between 16 and 18 kg/cm? 
(227 and 256 lbs per sq. inch); the S.N.C.F. 
alone considers that it would be beneficial 
in the building of new powerful high speed 
locomotives to increase the boiler pressure 
to 22 hpz. This seems to be because this 
Administration has been able satisfactorily 
to solve the technical problems connected 
with the use of special steels. 


B. Heating of the boiler. 
Coal firing. 


With manual firing, besides the tradi- 
tional fixed grate, which is still very com- 
mon, the shaker grate continues to be popu- 
lar with several Administrations (Table B), 
when use is made of very cindery coal or 
with cinders which are more than usually 
combustible. 


They are used by the S.N.C.B. for all 
train locomotives, on a large scale by the 
R.E.N.F.E. and by the S.N.C.F., also to a 


moderate degree by the F.S. and other 
Administrations. 


The D.B., whilst recognising the shaker 
grate’s facility for breaking and disturbing 
the clinkers has not obtained good results 
in tests with them because they melted and 
were subject to frequent jamming; for this 
reason they have discontinued their use. 
They therefore use, as does the 0.B.B., the 
Portuguese Rys, etc., fixed grates with a 
removable section. 


With continuous mechanical stokers the 
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use of the well known Hulson grates, with 
oscillating firebars which lead the air 
laterally to the same level of the bed of 
the fire to prevent the fire being broken up. 


Grates are generally of ordinary cast iron 
or haematite cast iron with a low phosphor- 
ous content; the Hulson tubes are of refrac- 
tory chrome castings; their life is very vari- 
able (see Table B) and depends mainly on 
the quality of coal used (see Table C) and 
the rates of combustion. 


The free area of the grate for the passage 
of air varies from 17 to 23% for the 
Hulson type to 30 to 38 % for shaker grates 
and 40 to 50 % for fixed grates. 


The D.B., which works on 43 %, con- 
siders that this proportion is particularly 
suitable for rich coal normally used for 
locomotives; at the same time in view of 
the recent tendency to take this coal away 
from the railways and use it for the pro- 
duction of coke, use will have to be made 
to a greater extent of gas coal and briquet- 
tes (smithy coal) with a lower calorific 
value and less favourable characteristics as 
regards ash and clinker, which may tend to 
cause difficulties in operation and have an 
adverse financial effect. 


The 0.B.B., and the F.S. consider that 
their grates with a free area of 40 % are 
suitable for use with coal of a high or 
normal content of volatiles, adapting the 
heat flow as necessary. The S.N.C.F. con- 
siders that the steam locomotive must be 
capable of using lowest quality fuel but in 
order to give good service the coal must be 
classified in relation to the necessary rate 
of firing. 

The ashboxes generally, in the case of 
hand firing, have frontal openings but there 
are some types with side ventilation; the 
S.N.C.B. has recorded that this arrangement 
greatly increases the life of firebars. In 
some recent locomotives, the D.B. has 
incorporated the ashbox in the actual 
frame of the locomotive separate from the 
boiler and the air is fed to the bottom of 
the grate by long narrow lateral slots. 


The admission of air above the grate has 
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been generally abandoned, apart from the 
O.B.B., S.N.C.Lux. and the Cambodian 
Railways. 

Brick arches are still considered an 
advantage in reducing the amount of com- 
bustible matter drawn off the fire and in 
improving the life of the firebox, particu- 
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On the S.N.C.F., the arches are made up 
either by arch bricks (large shapes) or by 
small bricks or by concrete (on trial); 
refractory bricks are of fireclay for normal 
use with coal but for use with heavy oil 
they must contain 42 % alumina. 


The D.B. has standardised the dimen- 


i 1700 
Fig. 1. — Construction of arch as pressed block (D.B.). 
Hxplanation of German terms: 
Stampfmasse = pressed block. — Zer. Formkasten = replaceable sections. — 
Traggestell = supports. — Feuerschirmtrager = arch carrier. — Aussparung... 
trager = chamfer for carrier. 


larly when mechanical stoking is used; in 
this case, according to the SINCG Ee ties: 
length should be at least 3/4 of that of the 
firebox with a radius of curvature varying 
according to the type of firebox, taking 
care that the free sections above the arch 
have a greater area than that provided by 
the smoke tube plate. 


sions of bricks which has allowed them to 
reduce the number of types to 7. Recently, 
with the object of achieving greater homo- 
geneity, life and economy in construction, 
use has also been made of arch blocks, pro- 
duced from fireclay sand (melting point 
1670° C) by means of a pneumatic press 
(Fig. 1). For the two types of construc- 
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TABLE B. — CHARACTER 


Percentage 
Total of total grate 
Type Type area 
grate 
ADMINISTRATION of of 
area Free air Ashpan a 
locomotive grate passage passage 
m2 area section 
een ge ee eee 
231 H fixed 4.25 50 26.4 
141 P Hulson 4.28 17 16.4 
141 R Hulson 5.16 23 15.1 
241 A fixed 4.43 50 20.6 
and rocking 
241 P Hulson 5.05 18.7 173 
150-2 Hulson 3.54 18 2503 
240 A.S.O. rocking 3.76 38.5 18 
Ol fixed firebars 4.5 43 14.9 
with 
03 removable 3.9 43 15.6 
grate 
23 Sat 43 35a) 
41 4.09 41 19 
44 4.55 43 17.8 
50 3.9 43 20 
1 rocking 5.00 
grate 
Wp » 3.70 
26 » 3.90 
29 » 4.40 B3al 
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TES AND ARCHES 


Laterials Maximum 
used Average Materials Average grate Combustion 
for life used life area rate 
astruction of for of allowed kg/m2/h 
of grates arches arches for 
grates hand 
firing 
Locking Very variable: Best Variable: 4.25 m2 Normal: 
grates depends quality any stage 500; 
ave bars particularly bricks between can 
of Fl on quality for coal 20 000 reach 
ast iron of coal firing. and é 1 250 
¢ used Refractory 70 000 km 
Tubes bricks, 
- Huison 42% min. 
ite are of of alumina 
>fractory for oil 
chrome firing. 
ast iron Concrete 
(0.75 - arches 
By, Cr.) on trial. 
>fractory For fixed Arch Very variable 4.5/5 m2 Normal: 
ast iron firebars bricks (chamotte) 300 to 500; 
50 000 or blocks maximum : 
to 60 000 km moulded 600 to 700 
For from 
removable refractory 
grates clay. 
25 000 
to 40000 km 
laematite Refractory 
ast iron bricks 
for ordinary 
locomotives : 5 m2 
28 to 827, 
alumina; 
high speed 
passenger : 
locomotives 
39 to 42% 


alumina. 
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ADMINISTRATION 


Cambodian Rys ... . 


Bas-Congo-Katanga Ry . 


SINAG, JEM. 6 - 
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Type 
of 


locomotive 


2700 
4600 
2400 


231500 
241500 


700 
1700 


150 


Type 
of 


grate 


fixed 


fixed grate 


fixed and 
dropping 
grates 


fixed 


rocking 


fixed 


Total 
grate 


area 


5.30 
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TABLE B. — CHARACTER 


Percentage 
of total grate 
area 
Free air Ashpan a 
passage passage 
area section 
153 
13.3 
40 
13.3 
16.6 
41.5 12.77 
42.5 135 
48 19.2 
48 20.8 
48 15.8 
35 15 
32 125 
25 18.6 


43 
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RATES AND ARCHES (continued). 


Materials Maximum 
used Average Materials Average grate . 
for life used life reed Combustion 
construction of for of allowed ui ie 
of grates arches arches for Kefene/h 
grates hand 
firing 
ee | Cen eee ey. | ery peer seen rl pres gO Eee 
Cast iron About Refractory About Normal: 
20 000 km bricks 3 months 300 to 400; 
maximum : 
4.50 m2 500 
Refractory Minimum : Refractory About 5 m2 450 to 500 
cast iron two years bricks 3 months 
(chamotte) with coal 
firing, 
a little 
longer 
with oil 
firing 
Rolled forged 
steel and 
cast iron 17000 km Refractory 3 months 5.50 m2 500 
for fixed bricks 
grates; 
cast iron 
for dropper 
grates 
Cast iron 60 000 km Refractory 
i bricks 
20-22% 
of alumina 
Refractory Refractory 5 m2 
_-east iron bricks 
LWIA, 
of alumina 
Haematite 18 to 24 months According 3 months 
cast iron to S.N.C.F. 


specifications 


ee ss ee 


a 


ApriL 1954 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


444/84 


yeoo 
‘esourtu ‘snydAyeone “poom solo | °° sdy ADISDsDpow 


_——— 


0r'0 I 
Oost + OOSE | STO 2 S8oT 


poom sndivs019}diq sty upipoquony 


vo aL Gy =a) LO 00S L 
% 8T o0sr + OOOH | WU OS ~ 02 


jeoo (uvisopoyy) syueMA 
eos ({ed0]) euonT 


POOM 


“Ay OBu0D-svg 


—————— 


van oS %LE +: 0% | OOLL — OOVL so0.1nos 
JUSIOYIp WOIJ [BOD YO pousal9g | © © °C XNT SNS 


% CC % S'8 002 9 syoo]q pesseiduros 
gyovryyue sson3nyiod % Og ‘Teo 
% 6 % IC * 0082 powodur % og : jo oINIxIN sty asansnjog 


ES 


% i 7% &C Osh L jeoo surly 
% XII Yo CE CLS [Boo ][eus 
% vi % CC cOS L soyjonbiig 


yA ae % 9% — 0% | 006L + OOOL | Ww Og = 02 jeoo ysijsuq JO ueuieH 


% 9 Yo OF LULL yeoo you 1yny 
os | ia Zo ¥E 00L9 + 00S 9 [kod snourunyig Ystod 


—_—————— | 


Yo Si. = 4Li CLS L 3X Ol sayjanbriq (2 

vA ns VAG OSL L poussins (4 
. of/o ~ yourtweas % pg pur yor 

Teal 9 OAC eel S¢9 L poprin % ‘gg YIM poxiw ‘eos ouy (0 


UW 08 ~ 
jeoo ses Ayureul 
veo = S Yo 8C =46l | OOLL = O09E po10s Japurewlal {[eoo snourwmMyIg % SL 


S]D1A0JDUL dopsaful 
JMDIOA Ge bik sucoUe Jo NOILLVULSININ GY 
5 ayfis40jvD ( 


‘Gasn TANA GITOS AO SHdAL — DO ATAVL 


APRIL 1954 


tion, brick or pressed block,-a thickness of 
120 mm (4 23/32”) and a curvature of 
1500 mm (4’ 11 1/16”) radius are used. 

Other Administrations also use arch 
bricks containing 20 to 40 % alumina. 

The life of brick arches is shown to be 
very variable (Table B) according to the 
quality of material, the degree of heating 
in the kiln, the care taken in their con- 
struction, the dimensions and span between 
supports, and the service worked by the 
locomotive. 

With regard to the limit of hand firing, 
the opinion of the S.N.C.F. is that a fire- 
man can achieve a peak rate of 3 tons per 
hour, but that on an average one should 
not exceed 2 to 2.5 tons, which corresponds 
to grates of about 4.25 m? (45.74 sq. ft.). 

The D.B. considers it is difficult to fix a 
limit in this respect, as it varies according 
to the class of locomotive, and type of ser- 
vice; in all cases, the limit generally cor- 
responds to a grate area of 5 m? (53.82 
sq. ft.) or a firing rate of 2 tons an hour. 

This opinion is very largely agreed by 
the other Administrations. 

Mechanical coal firing is extensively used 
on the S.N.C.F., which has up to the pre- 
sent fitted stokers to 1125 modern train 
locomotives of 12 different types, which has 
in certain cases allowed them to increase 
the tonnage hauled by 25 %. With regard 
to the consumption of fuel, it is stated that 
if the rate of vaporisation falls (for exam- 
ple 7.07 in place of 7.26) the efficiency in 
cost per ton-km hauled increases following 
the better use of the engine power. 

The emission of cinders is, however, 
increased; it is therefore necessary to use 
suitable fuel; 30 to 40 % of volatiles and 
4 to 5 % of non-combustible ash. 

The S.N.C.F. has 49 tenders equipped 
with coal-pushers for bringing the fuel 
within reach of the fireman; the actual 
firing is done manually. The use of this 
procedure has not been extended. 

The D.B. which, since 1950, has fitted 
15 locomotives of two different types with 
automatic stokers using Hulson grates, 
report in regard to this that it is extremely 
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important to choose the right type of grate 
and fuel. The use of rich coal, screened 
(18 — 30 mm and 30 = 50 mm) in a thin 
bed not more than 10 cm (about 4”) has 
shown itself suitable; the increase in con- 
sumption is in the region of 6 to 10 % 
plus 4 % corresponding to the steam for 
operating the device. 

Also equipped with a stoker are four 
locomotives, 5.30 m? (57.04 sq. ft.) grate 
area, of the R.E.N.F.E., who note a certain 
increase in coal consumption which varies 
according to the type in use. 

Finally, the Bas-Congo-Katanga Co. has 
ordered 12 locomotives, Garratt type, 5.34 
m? (57.47 sq. ft.) grate area, fitted with 
stokers. 

Firing with pulverised fuel has been 
given up everywhere. 


Heavy oil firing. 

The S.N.C.F. has fitted for heavy oil 
burning 638 locomotives of different types; 
for fast trains, for mixed traffic and also 
for shunting. 

The Portuguese Railways have 183 oil- 
fired locomotives out of a total of 398 steam 
locomotives; they use, with good results, a 
type of burner where the pulverisation is 
done by inclined steam blasts, distributed 
around the fuel’s exit, and often, to in- 
crease the effect, they reduce by about 15 7% 
the section of the blast pipe. For fast train 
services, when combustion must reach up to 
200 kg/m*/h, the vaporisation coefficients 
are about 11 kg of steam per kg of oil 
(10 300 cal/kg). 

The F.S. have in service 70 oil-fired loco- 
motives (American) for freight services and 
8 for shunting with mixed fuel (oil and 
coal). 

The 0.B.B., because of coal supply diffi- 
culties, equipped and kept in service until 
1948, 192 locomotives for passenger and 
freight services, but the number has now 
been reduced to 34. 

The R.E.N.F.E. at present possesses 25 
oil-fired locomotives for passenger and 
freight services and they expect to increase 
this type of firing to 400 locomotives by 
1955. 
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On the S.N.C.F. the general character- 
istics of the fitting are : firebox with brick 
lining to the lower part and, in certain 
cases, with brick arch, burner located at 
the front with atomisation of the oil by 
steam jet, air intakes suitably distributed 
and oil pre-heated in the tender. 

The average rate of evaporation is about 
10 to 11 litres of water per kg of oil (12 
litres for an hourly production of 3 t of 
steam and 8.5 litres for a production of 
21 t); the hourly rate of oil burning may 
be as much as 300 kg per m® of firebox 
volume. 

New types of burners now on trial have 
provided economies of about 10 %. 

Complete combustion of oil must be 
obtained in the firebox to avoid heavy 
smoke, lower efficiency and, in’ certain cir- 
cumstances, vibrations in the firebox; in 
addition combustion may be carried into 
the large tubes and so distort the super- 
heater elements. For this reason the 
exhaust is restricted by about 20 % more 
than for coal and there is a better arrange- 
ment of the air intake, but it is also neces- 
sary to seek some means of improving the 
burners. 

Trials have shown that a comparative 
rate is about 1.45 kg of coal to 1 kg of oil. 

The R.E.N.F.E. has adopted an arrange- 
ment based on devices designed in North 
America, France and Portugal. The burn- 
ers are of two types : 


Calorific value, cal.. 
Density . 


Viscosity-Engler at 50° C. 14 to 60 


Viscosity-Engler at 100° C. 


70° to 160° C, 
1507, 
4% 


Flashpoint . 
Water . 


Sulphur . 
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— American, in which the oil falls on 
a steam layer which projects it to the rear 
part of the firebox; 

— Portuguese, which 
radial steam orifices. 

Each of these two types has its advantages 
and a definite choice has not yet been 
made, the fittings only having been in use 
for a year; for the same reason there are 
not yet sufficient details available to pro- 
vide a definite financial statement. 

The 6.B.B. in general also use in the 
front of the firebox a welded, flat type 
burner (fig. 2) which provides adjustment 
for consumptions of 1500 to 200 kg/h. 
These have given satisfactory service and 
their price is moderate. 

One characteristic fact is the admission 
of air across numerous short lengths of 
smoke tube, welded to the lower part of 
the firebox and embedded in the _ brick- 
work; this is designed to give better distri- 
bution and preheating of the burner air 
supply. The 0.B.B. does not consider that 
with oil-firing it would be necessary to 
vary the rate because of the fact that the 
factors which operate, in addition to those 
which apply to coal firing, tend to com- 
pensate it; the average rate of evaporation 
is in the region of 10 kg of water per kg 
of oil. 

Certain characteristics of the oil used by 
the above-mentioned Administrations are 
as follows : 


comprises semi- 


10 000 10 400 


960 — 970 950 


20 12 to 20 


Dgtons eB) Na) IE) 


80° C, 140° C. 
1% 


Dray Ye 


170 to 200° C. 


ety 0.4t01% 
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Firing with other types of fuel. 


The Cambodian Railways use only wood 
with a calorific value of 3500 to 4500 
cal/kg, the Bas-Congo and Madagascar 
Railways use either wood or coal. For 
wood-burning the most suitable free grate 
area is 30-35 %. 


The R.E.N.F.E. having tried agglomerate 
containing a percentage of anthracite pea- 
coal, which resulted in a marked increase 
in consumption, consider that without pre- 
liminary modification of the firebox, it is 
not possible to use any fuel other than 
coal. 


The F.S., for some time used for normal 
services freight locomotives fired with 
lignite (4000-4 500 cal/kg) with fairly satis- 
factory results, using shaker grates with an 
area for the fire passage of air of about 
OnE 

They have also carried out trials on fast 
and express passenger services using, with- 
out modification to the fixed grate or the 
blast pipe, semi-coke (est. calorific value 
7500 cal/kg, 9.5 % friable ash) arising 
from partial distillation of English or Ger- 
man small coal. Provided that the volatile 
content was not below 6-7 %, this fuel 
provided the same service as with normal 
coal (the grate still remaining clean) with 
a water/coal proportion of 6 instead of 7. 
It was, however, very bulky for the tender 
and the arrangement was found, at that 
time at least, to have no overall financial 
advantage. 


At the present time the F.S., purely for 
the purpose of technical and economic 
investigation, still have on trial several 
locomotives in freight services fired by 
methane (CH,). 


In the firebox, the grate is replaced by 
a series of premixing burners; air enters 
through the ash-pan in the usual way. The 
burners are fed at low pressure (0.1 + 0.6 
kg/cm’) by means of a decompression 
group fitted on the tender and connected 
as desired to cylinders of 180 kg/cm? (3 982 
Ibs. per sq. inch) also placed on the tender 
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to give the locomotive the necessary free- 
dom in the depot, or by strong flexible 
tubes to the general supply, at present 
comprising a wagon of cylinders behind 
the locomotive. The behaviour of the 
boiler has been smooth and certain; maxi- 
mum hourly evaporation is at least equal 
to that obtained by coal and can be varied 
rapidly and at will; it has special advant- 
ages when stopping or stabling and for 
fire-lighting. 

With gas of a lower calorific value than 
8 300 cal/m*, an evaporation is obtained at 
2/3 maximum application of 8.3 kg of 
water per m® of methane, 7.3 kg with nor- 
mal coal. 


The financial result in suitable condi- 
tions would be favourable; the practica- 
bility of using this system in present ser- 
vices remains limited, however, to locomo- 
tives for passenger and freight services on 
secondary lines in places where there is 
already a methane distribution system 
(pressure ~ 50 kg/cm’), which allows easy 
re-fuelling every 100-120 km without resort- 
ing to expensive fixed installations. 


Summaries. 


— Rocking grates are still widely used 
by railways who burn coal with a high pro- 
portion of cinder. 


— The use of coal pushers is not being 
extended. 


— The mechanical stoker has been con- 
siderably developed, but as it usually entails 
increased fuel consumption, -its use should 
be restricted to locomotives with a grate 
area of 4.5 to 5 m*) (48.34 to 53.82 sq ft.) 


and high combustion rates. 


— Firing with pulverised coal has been 
discontinued. 


— Oil firing has reached a high degree 
of efficiency and fairly wide adoption which 
seems to be continuing; its economic 
advantage can however vary in accordance 
with the difference in the market prices of 
oil and coal. 
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C. Superheating of steam. 


Production of superheated steam. 


In modern locomotives with boiler pres- 
sures of 16 to 18 kg/cm? (227.57 to 256.02 
Ibs per sq. inch) the temperature of the 
superheated steam is between 380 and 
400° C and may even be somewhat higher. 
The S.N.C.F. reach 425° C in their 20 hpz 
boilers. 

A limit of about 400° C is at present 
thought to be the most practical; it how- 
ever requires the provision of adequate 
lubricating oil and improved castings for 
piston segments. Any advantage there is 
in reaching higher values to increase ther- 
mo-dynamic efficiency adds to the chance 
of burning the rear bends of the super- 
heater elements, which the D.B. and the 
O.B.B. are trying to prevent by a thick 
chroming of the tube elbows. 

Another interesting measure in_ this 
respect adopted by the D.B. on the series 
23 locomotives is the multi-valve regulator 
(fig. 3) located behind the superheater and 
not in the saturated steam circuit; by this 
means it is hoped to prevent, when the 
regulator is closed, excessive temperatures 
in the superheater elements which remain 
filled with steam for auxiliary services and 
is also beneficial for the efficiency of the 
latter. 

With regard to the superheater elements, 
the types used are in all cases already well 
known; amongst others the Schmidt type is 
very widely used; Houlet and 5 P4 types 
are used by the S.N.C.F. for express loco- 
motives. 

The most suitable distance for the rear 
bends of the elements in relation to the 
firebox tube plate (normal type) is about 
400 mm (1’ 3 3/4”). 

The drop in steam pressure between the 
boiler and the steam ports does not, on 
engines with well designed steam circuits, in 
the opinion of the S.N.C.F., exceed 500 
g/cm? (7.11 lbs per sq. inch) at normal 
rates, 

The diagram in figure 4 shows the drop 
in pressure noted by the 0.B.B. on their 
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Fig. 3. — D.B. Multi-valve superheat regulator. 
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series 214 locomotives, related to the speed 
of travel for varying cutt-offs. 


The D.B. has made an analysis of the 
pressure drop (Table D) in relation to the 
various parts concerned on two locomotives, 
one fitted with a normal regulator and the 
other with the multi-valve regulator already 
mentioned. 
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heat, the rear bends must be replaced more 
frequently than with other types, but it is 
exceptional for this to require attention in 
the depot. 

In general, there are no special fittings 
to prevent water being drawn from the 
boiler into the superheater; the’ SiN-G.E. 
has obtained satisfactory results with a 


Fig. 4. — 06.B.B. Steam pressure drop. 


Heplanation of French terms: 


Chute de pression = pressure drop. — Admission = cut-off. — Vitesse = speed. — Chute de pression 
de la vapeur entre la chaudiére et le distributeur, pour locomotive R 214 = pressure drop between 


boiler and steam chest, R 214 locomotive. 


Superheater flue tubes have external dia- 
meters of 130 to 150 mm (5 1/8” to 
5 23/32”), the section for the passage of 
combustion gases through these tubes repre- 
sents on recent locomotives of the S.N.C.F. 
48-57 % of the whole of the tube area. 


It is normally desirable that the super- 
heater elements should need very little shed 
attention; defective joints (leaks) are un- 
usual. On locomotives with high super- 


channel having a longitudinal slot connect- 
ing to the boiler as high as possible; the 
Luxemburg Railways use a dome with a 
perforated plate. The D.B. is considering 
the design of a suitable fitting. 


Intermediate superheating of compound 
locomotives is not used. The S.N.C.F. has 
carried out trials in this respect which have 
shown that the most simple and effective 
method would be to surround the H.P. 
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TABLE D. — ANALYSIS OF PRESSURE DROPS BETWEEN BOILER AND VALVE CHEST 


Class 23 locomotive (multi-valve 
regulator behind superheater } 


Class 50 locomotive 
(normal regulator ) 


Evaporation 


Pressure drop in : 6 tlh 


Auxiliary valve. . 0.22 atm 
Elements. 0.23 
Regulator 0.025 


Ports . 0.025 


Total drop. . . 0.50 


cylinders only with a steam envelope and 
superheat the steam only before admission 
to the L.P. cylinders. 


Lubrication of valves and pistons. 


Table E gives the main oil specifications 
adopted by the various Administrations for 
lubrication of superheated engines. 


These oils, used within suitable ranges 
of temperature, give generally good results 
in service. 


All modern and recently-rebuilt locomo- 
tives are provided with mechanical lubricat- 
ors, fitted at the end of the supply tubes, 
near the part to be lubricated, with claps 
or non-return valves. 


Oil consumptions are given in Table F. 


Special alloy : 


Graphite carbon 2.8 
Combined carbon 0.35 
Silicon eee See ees ee al 
MENVRNIVETS oo ese 6 dn on 99 Se canes eRUEs 
Phosphorus pase tS ee es aes OR 
Sulphur Ree Wee ss brn et OL05 
GiirOmer mene weet. Bad br ae ag O58 
Nickel ME eB ee 8 1d 
Titanium 0.05 


Evaporation 


Evaporation 
6 t/h 


Evaporation 


Il th 11 t{h 


0.29 
0.46 
0.25 
0.15 


US) 


Valve and piston segmented rings. 


The particulars supplied on this subject 
are summarised in Table G. 


It is particularly interesting to note that 
on the S.N.C.F. the packing used for the 
pistons of recent locomotives have been 
American « Koppers » segments (fig. 5) 
in special cast alloy and bronze which gives 
a high surface finish to the cylinders; each 
of the segments is made up of six radial 
parts held against the cylinder wall by a 
spring. ‘They are generally used in threes 
on the H.P. piston and in pairs on the 
L.P. piston, the cast alloy segment being 
on the outer side. 


The composition and characteristics of 
the alloy and bronze used for « Kopper » 
segments are as follows : 


Bend test (on test piece 35 x 10 x 6 mm) 
between 30 mm spaced bearings: breaking 
load : 490 kg. 

Deflection to fracture: 0.33 mm. 

Shear test: 30-31.5 kg/mm?. 

Hardness test (10 mm ball with 3 t load): 
219-222. 
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TABLE E — CYLINDEI 


Content of Density 
Type Co 
ADMINISTRATION of Usage At a geal 
oil Asphalt Ash tempe- Value Doi 
Ye vis rature point 
of 
iS NG GSES ae ce eae Gx3 Steam 
superheated 
3508 Gs 0.5 0.10 ee 4 
C. 4 Steam 
superheated 
350 — 370° C. 05 0.10 — wt = 
Vx4 Steam with 
very high 
superheat 0.04 nil a _- _ 
— Superheated 
3500 CG: nil 0.02 15° 0.895 + 3 
— Superheated 
3507 'C. » 0.04 15° 0.903 0° ¢ 
05 201 Superheated 
< 340°C, 0.05 0.02 15° < 0.950 | — 10 
05 202 Superheated 
> 340° C. 0.05 0.02 15° >0.935 | — 10 
wet = 0.025 _ - 0.905 — 
= = 0.05 -— _ 0.910 — 
H-7 Superheated 0.920 — 
steam 0.5 0.1 15° 0.970 
C.F.R. Cambodge . . — — — — _ 0.905 -- 
Sees: sc eee B Superheated 
steam 
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“TERISTICS 


Inflammability 
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Viscosity (Centistok or Engler) 


Com- 
bustion 
Point 


Acidity 
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Saponification 
index 
or 
saponifiable 
content 
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TABLE F. — CONSUMPTION OF CYLINDER OIL IN RELATION TO MILEAGE. 


eerie 


Kilometric 


Type of Type of s Services 
ADMINISTRATION locomotive lubrication Sar on worked 

240 P mechanical 13.5 passenger 

241 P » 12.5 » 

14 P » 12.5 » 

141 R » 12 » 

150 P » 12°55 freight 
0110 mechanical 24.3 passenger 
0310 » 23.5. » 

23 » 24 » 
41 » 20.5 » 
44 » 25.8 freight 
50 - 52 » 22 » 
1 mechanical 20 passenger 
7 » 14 » 
29 » Ides mixed 
26 » 125 freight 
8 passenger 
6.5 freight 
4.5-5.5 freight 
and shunting 

685 mechanical 8 passenger 

691 » 9.5 » 

740 » 7, freight 

746 » 9.5 passenger 

Cambodian Rys. _- = 9 oh 


Special bronze : 


COP Peli iran oa eens rile seer BOB Tensile test : 

Bt stele ores eos) o- Aee hae Bo ee — breaking load : 22.6 kg/mm?; 
Lead MR oe wig eer ae, pate arty () — elastic limit : about 17 kg/mm?; 
Ni <7) ee ee em a 1.3 — elongation: 4 %; 

ZA CR. Bac. 2 Ee We to QUOD, — reduction in area: 4 %. 


TTONP hse =. «5 Bn ee NT 
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On the S.N.C.B. the recent series 29 loco- 
motives of American origin are fitted with 
special segments (fig. 6) similar to the 
« Koppers > used on the S.N.C.F., in phos- 
phor-bronze (copper : 88.7 %; tin : 11 %; 
phosphorus : 0.3 %) and soft perlitic cast 
iron; segments of the same type (Hunt- 
Spiller) have also been used since 1950 by 
the Bas-Congo Railway. 
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Valve and piston packings. 


In recent highly superheated locomotives, 
use is made generally of packings compris- 
ing multiple metallic segments, designed 
not to hold the rod but solely to ensure 
steamtightness and at the same time allow 
some degree of movement to the rods. 

This packing is made up of separate 


Fig. 5. — S.N.C.F. Kopper segmental piston rings. 


All the special types of segments men- 
tioned above have large bearing surfaces, 
“which eliminate the need for piston tail- 
rods; the machining process described by 
the S.N.C.B. is very simple; the segment is 
dressed, cut and finished to the cylinder 
diameter. 

The life of these special segments com- 
pared with ordinary segments is about 
double on the S.N.C.B. and on the S.N.C.F. 
it is doubled on the L.P. and quadrupled 
on the H.P. pistons. 

The D.B. have for several years used 
pistons with 5 narrow segments 8 mm 
(fig. 7), which give good steam-tightness. 


elements, taking up play automatically by 
spring loading, and gives perfect steamtight- 
ness, reduced wear on the rod, less lubrica- 
tion and economy in maintenance. Soft 
perlitic cast iron and lead-bronze are the 
metals generally used for these segments. 


Summaries. 


— Superheating of steam has not notice- 
ably varied during recent years and a tem- 
perature limit of about 400° C for locomo- 
tives with a boiler pressure of 16-18 kg/cm? 
(227-256 lbs per sq inch) can still be con- 
sidered valid. 
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Fig. 6. — S.N.C.B. Special American type segments. 


— By comparison with the reports to the 
1937 Paris Congress, there are no new 
features to be mentioned in this section; at 
the same time, certain measures designed to 
improve the life of superheater elements, 
the tightness and life of piston rings, are 
of special interest. 


D. Preheating of feed water. 


Table H shows that on the railways con- 
cerned, exhaust steam injectors generally 
have only a moderate application, whilst 
pump preheaters are widely used. Amongst 
the latter, surface preheaters still make up 
the majority but they are almost exclusively 
used on D.B. locomotives. 

Combustion gas preheaters (Franco- 
Crosti type) are at present used fairly 
extensively by the F.S. and by the D.B. 
experimentally on several locomotives. 


The increase in the ratio between the 
quantity of steam which passes through the 
superheater and the combustion gas, as a 
result of the use of an exhaust steam pre- 
heater must cause a drop in the superheat 
temperature. The S.N.C.F. considers that, 


Fig. 7. — D.B. Piston with five segmental rings, 
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for this reason, the temperature falls from 
400 to 385° C in a boiler pressed at 20 hpz 
which reduces slightly the economy effected 
by preheating because the consumption of 
steam per HP/hour is rather higher. On 
the other hand, preheating reduces the 
exhaust steam pressure, particularly when 
the engine is heavily worked; for example 
if it is taken that the counter-pressure was 
500 g/cm? (7.11 lbs per sq. inch) it can 
fall to just over 400 g/cm?’ (5.68 lbs per 
sq. inch), equivalent in a high speed loco- 
motive at 140 kilometres (87 miles) /h to a 
gain of approximately 60 HP; this supple- 
mentary benefit is in addition to that 
provided by the superheater as a primary 
function. 


Hourly delivery of water to the boiler in t. 


A.C.F.I., preheater — consumption . 


Worthington preheater — consumption... . 


Table I shows some test results obtained 
with a 141 P locomotive (20 hpz pressure) 
whilst the diagrams (fig. 8 and 9) show 
for a 141 R locomotive (15.5 hpz pressure) 
the differences comparing a Worthington 
mixed preheater and a normal injector 
from the point of view of boiler efficiency, 
coal consumption, cold water consumption, 
and superheat temperature. 

On the D.B. the use of exhaust steam by 
the preheaters is in the region of 14 % and 
the temperature of the water delivered 
(quite apart from that in the tender) 90 to 
97° for the surface and low pressure mixer 
types (in the Heinl preheater there are 
two stages and higher values are obtained). 
By increasing the period in service of sur- 
face preheaters, the places on which the 
steam impinges are found at shed examina- 
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Preheaters of the used by the 


type 


S.N.C.F. give rise, for the same blast pipe 


area, to a slight loss of draught, about 1% 
at low rates of combustion (250 kg/m?*/h), 
but on the other hand, to a considerably 
increased draught at higher rates. 

The D.B. on locomotives fitted with pre- 
heating adopts a reduced blast pipe area 
without exceeding the original counter- 
pressure values; it is not therefore possible 
to note in practice any reduction in the 
superheat temperature which would in any 
case be very small. 

According to the S.N.C.F., the percentage 
of exhaust steam used by the preheater is 
between 8 and 10 %; the consumptions in 
kg of live steam for the preheaters, taken 
during tests, were : 


| 5 10 15 


180 kg 295 kg 390 kg 


200 kg 275 kg — 


tion to be oily and the water temperature 
drops to 80° C and even lower. 


To operate preheaters, piston pumps are 
generally used, but in certain modern types 
turbo-pumps are also used; in connection 
with the latter, the S.N.C.F. points out the 
advantage of a non-pulsating steam con- 
sumption consequent upon the regular con- 
sumption of steam for operating the turbine 
which pumps the cold water. The D.B. 
which also uses the two types, reports that 
the turbo-pump has a higher steam con- 
sumption than the other type in particular 
at low loads, but that its consumption is in 
all cases independent of the length of ser- 
vice required from it, whilst piston pumps 
have specific consumption rates which are 
affected by the wear of parts, as can be 
seen from the following table : 


Delivery in litres|min. with a pressure of 16 kg/cm? 


_ 


KT 1 piston pump 


Hewat 2! 
on withdrawal 
T.P.B.B. 1 100 turbo-pump 
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TABLE I. — PREHEATING TEST RESULTS (S.N.C.F. SERIES 141 R LOCOMOTIVES). 


Steam 
temperature 
in blast 


Power 
at rail 


The D.B. however, at present prefer the 
piston pump, which has been more reliable 
in service. The general opinion is that 
preheaters are of robust assembly, they 
require little maintenance and give satisfac- 
tion. The 0.B.B. estimate at 6:1 the ratio 
between the maintenance costs of the Heinl 
preheater and those of the exhaust steam 
injector; the D.B. consider that the annual 
maintenance costs of preheaters with piston 
pumps are about 5 % of the cost of fitting 
them. 


Preheaters are generally considered to be 
instrumental in preserving the boiler. 
Those of the mixing type in particular, 
hold back considerable quantities of impur- 
ities, without however noticeably reducing 
incrustation, as the greater part of the scale 
is caused by concentration in evaporation. 
Some Administrations are seeking by the 
use of retardant re-actors to eliminate pre- 
cipitation in the preheater where de-scaling 
is generally difficult. 


Temperature 


Increase of gas from 


in 


temperature 
of water 
in preheater 


small 
tubes 
°C 


large 
tubes 


356 
365 
360 
393 


The mixing preheater is more complicat- 
ed and costs 50 % more than the surface 
type but it is more effective and thus 
generally preferred; the D.B. and O.B.B. 
in particular consider that this type could 
well be improved by the addition of a hot 
water reservoir for feeding the boiler when 
the regulator is closed, in view of the fact 
that the efficiency of a preheater is appre- 
ciably reduced when a train has numerous 
halts. 


The reheating of feed water by gases has 
been effected in a very interesting manner 
in the Franco-Crosti boiler, the principle of 
which is to separate the tube plate into 
two parts, one for evaporation and super- 
heating, the other providing a smaller area 
for passage of gas already cooled which 
provides a reheating of the feed water. 
This reheater functions at the same _pres- 
sure as the boiler; it is fed by a piston-type 
live steam pump and because of its con- 
siderable volume, it is also designed to feed 
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the boiler with hot water when the regul- 
ator is closed. 


Figure 10 is a diagram of the Franco- 
Crosti boiler and a corresponding diagram 
of the temperatures of the combustion gases 
compiled by the D.B. following tests with 
a series 42 locomotive. 
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The F.S. fitted 10 locomotives with this 
system about ten years ago and have more 
recently converted 125 locomotives, of 
which 90 are of the class 743 medium 
powered type for freight working. 


Economy in fuel by the use of feed water 
heaters compared with ordinary injectors 


— RENDEMENT DE: CHAUDIERE —— 


Rendement de chaudiére (%) 


ante (Kg.) : 


Consommation de charbon 


par ch/h a la j 


Charbon charge 4 | heure 


2 FBS 5 


(tonnes) 


Fig. 8. — S.N.C.F. 141 R locomotive. 
Comparison of Worthington preheater and normal injector. 


Explanation of French terms: 
Rendement de chaudiére = boiler efficiency. — Charbon... heure (t) = coal 


fired per hour (t). — Consommatio 


n de charbon = coal consumption. — 


Echelle d’augmentation = rate of increased consumption. 
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Consommation d'eau froide 3 | heure (tonnes) 


ce pila sel AS <3 SNC AE eee 
400» 7? , set mE: : nnn cone Alten 


Températures (°c) 


a ce 


Poids de vapeur consommeé 4 I'heure (tonnes) 


Fig. 9. — S.N.C.F. 141 R locomotive. 
Comparison of Worthington preheater and normal injector. 


Explanation of French terms: 


Consommation d’eau froide par ch/h a la jante (kg) = consumption of cold 
water per HP/h at rail (kg). — Température de surchauffe = superheat 
temperature. — Poids de vapeur consommé a Vheure ({) = weight of steam 


consumed per hour (t). 


is evaluated by the differents Administrations as follows 
S.N.C.F. — Worthington mixer preheater tested at the Vitry plant on a 141-R loco- 


motive : 
coal consumption, saving . . 12.5 % 
for. 2.000 "Pits fee cee en aie os : . : 
cold water consumption, saving 9.5 % 


R.E.N.F.E. — Mixer reheaters of various kinds 
on accelerated passenger and freight ! coal consumption, saving . . 10 % 
services water consumption, saving. . 11 % 


on freight services with frequent coal consumption, saving . . 7 % 
stops water consumption, saving. . 7.5 % 
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O.B.B. — Hein] mixer preheater : : 


fastipassenger services... Savane OL COMM, Oiyc cede denn eal Sent, 
ordinary passenger services. . . . savingiolrcoalig |: deter ste LOZ, 
Cambodian Railways. — ACFI mixer preheaters : 
mixed traffic and freight with fairly Coal saving Gwin hone eos ©. 0, 
widely spaced stops. . . . . MateCeSaVING Be Bese ts Ok Oe 
D.B. — In service 
Surtace preheaters V4 8 a's savingorscoal |. anew, ie Ne C 
Henschel mixer preheaters . . . . gavinproe COal eh ek yey TOS 
Eleva) (IMVKEE OPTCDEALeTS i es, | saving OL coaly he sie of a 810) 9% 
Franco-Crosti gas preheaters . . . saving of coal . . . a hee 
The latter results are not considered final as tests are still proceeding in a more 
suitable type of service, with heavy freight trains. 
F.S. — Franco-Crosti preheater, with 743 class locomotives 
freight services with good working 
coals a ees Sa er A COMMSAVITIC eB EeR aee te ee) 


4200°C 


SCHEMA DE L’ENSEMBLE Ilures cle temperatures dans le chaudiére ordinaire 
DE LA CHAUDIERE 
FRANCO-CROSTI 


_— Conduite de leou 
dalimentation 


Echappement Vapeur d échappement 


des ylindres 


Entree de leou 
d'slimentetion 


Fig. 10. — Diagram of Franco-Crosti boiler. 
Explanation of French terms: 

Allures de températures dans la chaudiére Franco-Crosti = temperature range in Franco-Crosti boiler, — 
Allures de températures dans la chaudiére ordinaire = temperature range in ordinary boiler. — Cheminée 
= chimney. — Cheminée auxiliaire = auxiliary chimney. — Conduite de Veau dalimentation = feed 
water pipe. — Echappement = exhaust. — Entrée de -l’eau dalimentation = feed water intake. — 


Vapeur d’échappement des cylindres = exhaust steam from cylinders. 


TABLE L. — 


Physical Chemical treatment 
ADMINISTRATION lineside outside 
treatment the boiler 
Nil Lime-soda softening sometimes 


before « Tia » 


Nil Nil 


Trials with « Cepi » magneto-static and | Done in lime-soda plant 
ultrasonic fittings, without satisfactory 
results 


Nil About 50 % of the water is tre 
cold in lime-soda or saturation p 


Trials with magnetic «Cepi» elec- | Lime-soda plants have been aband 
tronic and mercury fittings, without 
satisfactory results 


« Nise » and «Poliradia » processes | Nil 


used 
SNCs Lux. eee tialssmade Nil 
Portuguese Rys. ... .| Nil Nil 


¢< TREATMENT. 


‘hemical treatment 
inside 
the boiler 


ral internal treatment 
A » 


nical treatment 


systems : 

i-sodic phosphate; 
TIA »; 

Aquasan » and 
Tartrizite » reagents; 
Nalco » reagent 


age water treated 
minarily and raw, are 
2d by ligno-sulphonates 
innin. Other methods 
rial 


nical treatment 


ral internal treatment 
A» 


ral internal treatment 
A » 


\ » treatment 
> treatment 


Introduction 
of 


reagent 


Reagents are introduced in the 
tender whenever water is taken, 
proportional to the quantity of 
water taken, by automatic doser; 
this is preferred to manual dos- 
ing. No fitting for direct intro- 
duction to boiler 


By hand into the tender. 
Where there are separate 
tanks the reagent would 
be put in the tank to 
avoid sludge in the boiler 


Trisodic phosphate direct- 
ly into the boiler after 
wash-out; other systems 
provide for introduction 
into the tender 


Either manually or by 
special fittings into the 
tender water 


Except in some plants 
where there is automatic 
introduction by ejector 
or saturator, it is nor- 
mally manual 


Dosing done automati- 
cally, in tender water; 
this method is considered 
most convenient 


Generally by a special 
fitting on the tender 


In the tender by auto- 
matic devices 


Type 
of 


reagent 


According to the kind 
of water: tannin extracts, 
polyamide, caustic soda 
or alkaline salts 


According to the kind 
of water; preferably soda 
softening with anti-primer 


Those already mentioned 


Ligno-sulphonates tannin 
materials 


Nalco or DisKro 


Complex 


Complex 


« TIA » complex 


In the tender by hand | Nalco 


Blow-down 


Remotely controlled valve 
either steam or air-oper- 


ated. Extraction rate 
about 5 % 
By valves, partly com- 


pressed air operated 


By means of : 

— Friedmann fitting; 

— Gestra valve, air or 
hand operated; 

— «TIA » valves, steam 
operated 


Except with the « TIA » 
system, which is on trial, 
partial blow down is done 
on ashpits. Extraction 
ratewoun/, 


Generally, by manually- 
operated continuous blow- 
down; some locomotives 
are fitted with continuous 
blow-down devices oper- 
ated by steam. Hand 
type is preferred. 

Extraction rate about 6 % 


Steam-operated valve. 
Extraction rate varies be- 
tween 2a alld /, 


Double clack, steam oper- 
ated 


By means of a_ hand 
operated valve, with a 
recorder. Continuous blow- 
down at open regulator 
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The F.S. state that in applying the Fran- 
co-Crosti system, care must be taken to 
avoid excessive counter-pressure in the 
exhaust; on the locomotives mentioned 
above, counter-pressure has been reduced 
to the values which were obtained at the 
same powers in a normal locomotive, i.e. 
before conversion. 
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Fig. 11. — D.B. Diagram 


Water from tender. 
Preheater turbo-pump. 
Mixing chamber. 

Hot water. 

Boiler feed cock. 

Air outlet. 

Jxhaust steam for air pump. 
Exhaust steam from pump. 
Exhaust steam from cylinders. 


The Franco-Crosti boiler may also allow 
the use of an exhaust steam injector with 
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a certain resultant advantage in efficiency 
(rather less use of gases [25 + 30° C] but 
using the exhaust steam calories and econo- 
mising in the consumption of live steam 
for the pump) by restricting the use of the 
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pump to the periods when the regulator is 
closed and for any special requirements. 
The general opinion is that in the case 
of new locomotives preheaters should be 
fitted; with existing locomotives which are 
not fitted with them, there is a tendency 
to provide them, especially on fairly recent 
types used for heavy services with few stops. 
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of Henschel preheater. 


10) 
11) 
12) 
13) 
14) 
15) 
16) 
17) 


Mixing pipe. 

Ball valve. 

Overflow. 

Air outlet. 

Non-return valve. 

Live steam control valve. 
Steam pressure gauge. 
Water gauge. 


The D.B. which has more than 9000 sur- 
face preheaters, intends to keep them in 
service for the present and to undertake a 
certain amount of replacement according 
to the means available; on locomotives of 
recent construction, they have fitted the 
Henschel mixer type (fig. 11) with turbo- 
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pump, but the type at present preferred 
by the D.B. and by the O.B.B. is the Heinl 


type, because of the two stage preheating 


and the piston feed pump. 


In fact, the Hein type at the second stage 
heats the water to a temperature appre- 


ciably above 100° C which increases effi-’ 


ciency and may also allow an increase in 
the evaporative capacity of the boiler, even 
if this has already been calculated for feed 
water of 90 to 95° C. A similar character- 
istic but to a more pronounced degree is 
offered by the Franco-Crosti system, which 
can heat the water up to 140° C and even 
higher, according to the rate of combus- 
tion. This combustion gas preheater gives 
a greater fuel economy than any of the 
others; it involves however high installa- 
tion costs and from this point of view its 
application may be more suitable for new 
locomotives or new boilers, for which it 
might be possible to have smaller dimen- 
sions, or where it is desired to obtain a big 
increase in evaporative capacity. 


Summaries. 


— All modern locomotives are fitted 


with feed water preheaters. 
— Mixer type preheaters are preferred 
to surface type and exhaust steam injectors. 
— The use of combustion gas economis- 
ers in the smokebox has not been extended. 


— The combustion gas preheater is 
capable of giving beneficial results in suit- 
_able conditions. 

— The importance of preheaters _ is 
generally emphasised when locomotives are 
heavily worked or when the boiler dimen- 
sions are relatively small compared with 
the engine requirements. 


E. Treatment of feed water. 


Physical lineside water treatment has 
been abandoned, except on the ROUEN .ES: 
trials in this connection by the F.S. and by 
the 0.B.B. using electronic, magnetic field, 
ultrasonic, etc., devices have not given satis- 
factory results. 
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Although fixed installations for bulk 
treatment are still widely used, chemical 
water treatment directly on the locomotive 
is increasing. It is still experimental on 
several railways but is generally adopted 
on others (S.N.C.F., F.S., S.N.C.Lux., etc.). 


-Table I summarises the details relative to 


water treatment, supplied by the various 
Administrations. 


Reagents are introduced into the tender 
whenever water is taken, proportional to 
the amount of water, either by an auto- 
matic device or by hand. 


Several Administrations prefer the first 
method, which gives a more exact dosage. 
The F.S. started with this method, but 
changed over to the second, which is more 
economical and allowed treatment to be 
effected rapidly on all locomotives. 


Control of the treatment on the basis of 
analysis, is designed to maintain hardness, 
alkalinity and salinity of boiler water below 
certain limits (generally 0° hardness). 


Administratively, there is a central organ- 
isation which investigates the subject ge- 
nerally and a local organisation at Depots, 
which is directly responsible for treatment; 
on the S.N.C.F. and the S.N.C.B. the organ- 
isation is in three stages, Central, Regional 
and Local. 


The treatment causes scale-forming salts 
to be precipitated in the form of sludge; 
it is however necessary to effect systematic 
clearance of the boiler by blow-down to 
reduce the amount of salts in solution 
(mainly sodium chloride and sulphate) and 
sludge in suspension. 


Instead of continuous automatic blow- 
down preference is generally given to inter- 
mittent blow-down operated by the driver 
when running with the regulator open by 
means of a remotely controlled drain valve, 
operated either by steam (very widely 
used), by air or manually through mechan- 
ical transmission. (F.S.). 


The extraction rate is not in direct pro- 
portion to the hardness of the water; it 
varies also according to the type of boiler, 
the service worked, the possible use of anti- 
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primers. It is in general about 5 %; 2 to 
5 % on the R.E.N.F.E., 6 % on the FS. 


Table M summarises the main advantages 
which the various Administrations have 
obtained by water treatment. 


The S.N.C.F. consider that economy in 
coal arises mainly from the great reduction 
in fire dropping and lighting. 

With regard to the conservation of boil- 
ers, they state that : 

— the results on locomotives 
from new are particularly good; 


treated 


— water treatment has allowed the stan- 
dardisation of steel fireboxes on _ the 
S.N.C.F. in spite of the quality of water 
used in France; 


— water treatment permits more intens- 
ive working of locomotives, which all things 
being equal is equivalent to a reduction in 
total stock of about 30 %. 


The D.B. has not so far been able to 
confirm any saving of coal; the O.B.B. 
considers that at present it may be that 
treatments which are subject to continuous 
blowdown do not effect any coal saving 
and in some cases even cause increased con- 
sumption. These two Administrations 
agree with the other advantages. 


Foam conditions (overcarrying and prim- 
ing) which tend to arise from water treat- 
ment, particularly when there is a high 
content of scale-forming salts, are efficiently 
overcome by the use of anti-priming re- 
agents. 


_.- Stabilisers such as polyphosphates and 

tannin are widely used in the reagents to 
reduce considerably the incrustation of 
injectors, boiler feed pipes and scaling of 
smoke tubes where they meet the incoming 
water. With regard to the latter, water 
deflectors are used on a large scale and 
have been effective; the deposits formed on 
these are not hard and they can easily be 
cleaned off at wash-outs. 


These problems must be dealt with indi- 
vidually and in every case it is possible to 
avoid any serious difficulty. 


Some boiler fittings may be more or less 
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subject to corrosion as a result of treat- 
ment : 


— lead fusible plugs are certainly attack- 
ed; this is overcome by monthly renewal or 
by replacing them by Nathan type plugs. 
The D.B. no longer uses fusible plugs; the 
F.S. have on trial an anti-corrosive alloy 
(76 % lead, 14 % tin, 10 % antimony) ; 


— with regard to bronze cocks, and lead 
cover packing, opinions are varied; in no 
case is there any very serious difficulty. 
The F.S. are experimenting with certain 
fittings of rustless steel and graphited 
asbestos joints; 


— gauge glasses are generally attacked, 
particularly the tubular type; the F.S. have 
found it beneficial to use special Klinger 
glasses. 


The types of corrosion mentioned above 
are the subject of investigation by several 
railways. 


All Continental Administrations replying 
have shown a keen interest in locomotive 
feed water treatment; the same may be 
said of the Cambodian Railways. 


The treatments generally preferred are 
those in which the reagents include emol- 
lients, stabilizers and anti-foams. 


The economic results relative to either 
coal consumption or reduced labour and 
materials for maintenance and intermediate 
repairs, or to better service and more 
intensive user are considered very satis- 
factory by the Administrations which have 
used water treatment for a considerable 
time and as general practice; other Admi- 
nistrations which are at present in the 
experimental stage sometimes with differing 
procedures for comparison, have not yet 
been able to make a definite decision. 


Summaries. 


— Chemical treatment of water in loco- 
motive boilers is of general interest. 


— The reagents most generally preferred 
are those which have emollient, stabilising 
and anti-foam effects. 
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— Treatment ensures considerable ad- 
vantages as regards : 


— the cost of boiler maintenance and 
periodical repair; 


— the availability for use of locomotives 
and the resultant reduction in stock requir- 
ed, and capital charge necessary; 


— coal consumption, in many cases at 
least; 


— regularity of service. 


F. Thermal insulation of the boiler. 


Some Administrations effect insulation by 
a single wrapper plate; others restrict the 
insulation to the firebox to improve condi- 
tions for the engine crew; recently a ten- 
dency has been noticed to insulate the 
whole of the boiler. The materials used 
are shown in Table N. 


In general, it has not been noticed that 
persistent steam or water escape has had 
such effect or duration as to affect the 
lagging. 

The life of boiler lagging is considerable: 
from one general repair to another, and 
even longer, is reported by certain Admi- 
nistrations which use asbestos or wired glass 
wool mattresses. 


Fuel saving in operation is assessed by 
several Administrations at about 3 to 4.5 %; 
the O.B.B. assesses it at 2 %. 


Most Administrations incline towards 
greater boiler insulation; the $.N.C.B. how- 
ever considers that the fitting of an insulat- 
ing mattress causes difficulties which annul 
its advantages. 


Summaries. 


— Thermal insulation of boilers is being 
extended. 


— The methods and materials used are 
still fairly widely different between Admi- 
nistrations. 


— The saving of fuel is small but is 
achieved without any particular difficulty. 
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G. Exhaust. 


Variable exhausts are no longer of inte- 
rest. 


The Kylchap and Kylalé types, which 
are well known, are fitted to a large num- 
ber of modern locomotives by various 
Administrations (Table O) and at present 
seem to be preferred. 


The D.B., all of whose locomotives are 
fitted with ordinary blast pipes which have. 
so far given every satisfaction, are at pre- 
sent considering undertaking tests with 
other types, including the Kylchap, to 
investigate the possibility of improvement. 


The 0.B.B. which has fitted most of its 
locomotives with « Filip » intermediate 
nozzle blast pipes, two years ago equipped 
three locomotives with « Giesl » blast pipes 
(fig. 12 includes the main dimensions) 
which has a special form of pipe, flat and 
elongated on the longitudinal axis with a 
chimney of corresponding shape. The 
lower part of the chimney is easily removed 
to give access to the smokebox; the spark 
arrestor is a simple inclined plate located 
behind the blast pipe. 


The (.B.B. have in hand on the same 
series’ 113 locomotive, trials using alternate- 
ly the ordinary blast pipe and the Giesl 
arrangement and have obtained with the 
latter, the smoke box vacuum being the 
same, a very large reduction in the steam 
back-pressure from the valves; in normal 
service there is a saving of about 5 % in 
coal consumption. In addition, the Gies]l 
fitting has given no trouble in service; and 
the 0.B.B. is consequently considering its 
wider application. 


The locomotives with Franco-Crosti boil- 
ers also have chimneys (one or two accord- 
ing to the number of preheaters) with flat- 
tened section (fig. 13) to keep within the 
rolling stock gauge; this exhaust has mul- 
tiple jets and orifices and is very efficient. 


The diagrams in figure 14 show some 
blast pipe experiment results obtained by 
different Administrations; it may be noted 
that the function of the blast is to draw 
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TABLE O. — BLAST PIPES. 


Type 


ADMINISTRATION of exhaust 


Kylchap 
ordinary 


Filip 
Kylala 
Giesl 


ordinary 
Kylchap 
Lemaitre 


ordinary 
Franco-Crosti 


Kylala 
Kylchap 
Portuguese Rys. multiple jets 
and orifices 
ordinary 


Ra Oy 6b 4 /716))1 5 


ordinary 
Madagascar Rys.. . Kylchap 
| Bas-Congo Ry... . Kylala 


Cambodian Rys. Kylchap 


through the boiler tubes the greater part 
of the combustion gases by means of the 
pressure drop in the smokebox; this pres- 
sure drop is, however, also dependent on 
the resistance to the passage of the gases, 
appropriate to the type of boiler and con- 
sequently any comparison of the ratios be- 
tween smoke box vacuum and counter pres- 
sure in the tubes relative to different types 
of locomotive has no direct comparison. 


Max. 
rate 
of combustion 


Locomotives fitted 


1 769 1100 kg/m2/h 


all 750 kg/m2/h 


most 600 
loc. gr. 214 
2 loc. gr. 113 + 1 gr. 729 


loc. gr. 29 — gr. 10 
loc. gr. 1 
50 loc. gr. 7 


about all 500 
135 loc. 


most 450 to 500 


107 loc. 
58 loc. 


the majority 


all 


DD, 


The F.S. diagram, which refers to trials, 
with ordinary and Kylchap blast pipes, both 
on the same passenger locomotive, boiler 
pressure 16 kg/cm?, grate area 3.50 m? 
(37.67 sq. ft.), simple expansion, shows 
results which do not vary very much in the 
two cases. ‘The F.S. point out, however, that 
with the normal fitting, comprising a large 
diameter chimney, the height of the blast 
pipe was reduced to a minimum to increase 
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Fig. 13. — F.S, Chimney for Franco-Crosti boiler. 
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141. R 


(American exhaust ) 


Power 
at rail 
jel 


the distance from the top of the chimney; 
it is only by this means that the results 
shown were obtained, but with such an 
arrangement which has subsequently. been 
adopted for normal service, it is necessary 
to pay particular attention to the location 
of the blast pipe in relation to the centre 
_ line of the chimney whilst with the Kylchap 
exhaust the precision of centring has little 
importance and control of the fire is easier 
because distribution of draught over the 
grate is always regular. 

In addition to the comparison of the 
diagrams of the Kylchap and U.S.A. 
exhausts on the series 141 R locomotive, 
the S.N.C.F. give corresponding details of 
consumption at different powers, reproduc- 
ed in the table above, it can be seen that 
the locomotive fitted with the Kylchap 
exhaust consumed less coal per horse power 
hour at the drawbar whilst allowing a rise 
in the power factor. 
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469 141. R 874 


(LK/IC exhaust) 


Coal 
consumption 
kg/HP-h 


Coal 
consumption 
kg|HP-h 


Power 
at rail 
TP: 


Summaries. 


— Despite the notable degree of effi- 
ciency achieved, the exhaust arrangement 
is still the object of investigations and 
trial, in view of its important effect on 
performance and the possibility of saving 
fuel. 

— Variable exhausts have lost all interest 
and fixed exhausts of the standard type 
seem to be giving way more and more to 
newer designs. 


H. Distribution. 


In the construction of valves and pistons 
can be seen the tendency to achieve the 
lightest construction. 

Whilst retaining the advantageous cha- 
racteristics already obtained in steam distri- 
bution, efforts are made to modify port 
openings and to give a more progressive 
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exhaust and so reduce the force of the beats 
which disturb the fire. Figure 15 shows a 
solution adopted by the S.N.C.F. for the 
H.P. and L.P. steam chests. 

For valve gear, the S.N.C.F. in general 
prefer Walschaerts type, cylindrical piston 
valves with large area steam passages; but 
in the case of very high speeds, they state 
their liking for Walschaerts gear with oscil- 
lating cams and poppet valves which allow 
a considerable reduction of the effects of 
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standard locomotives are of the Schulz or 
Miiller types, both forming automatic by- 
pass. In the Schulz valve (fig. 16), which 
is very similar to the Nicolai type, already 
reported to the 1937 Congress, each head is 
made up of two parts, the inner one being 
movable and held against the outer one 
by steam pressure; with a closed regulator, 
springs separate the two parts to give free 
passage between the two ends of the cylin- 
der. 


Fig. 15. — S.N.C.F. Valve liners. 
a BP. = at LP.; 4 HP. = at HP. 


inertia and its bad influence on the be- 
haviour of the mechanism. Valves control- 
led by rotary cams have not given such 
good results and they are not being retain- 
ed by the S.N.C.F. 


Piston valves operated by rotary cams 
require excessive attention to the cam box 
because of the weight of the piston valves. 


On the S.N.C.F., the percentage of loco- 
motives fitted with improved steam distri- 
bution (excluding shunting engines) is as 
follows : 


Oscillating cam, poppet valves . 4.18 % 
Rotary cam, poppet valves ORS, 
Piston valves a hier, te ee 0291896 
Cylindrical, double orifice . . . 7.53 % 
Cylindrical with improved cylinde S502 


The D.B. generally use Walschaerts gear 
with cylindrical valves, which in the latest 


With the Miiller valve (fig. 17), which 
has no spring, the two heads are always 
fixed but the inner includes a large slide 
valve with two concentric annular seats 
which by a small degree of slide open the 
by-pass when there is no steam. 

The Miller type, the application of 
which is more recent than the other, has 
shown itself better in service from the 
maintenance point of view, but less effi- 
cient in compensation of pressure in the 
cylinder when running without steam (dia- 
grams, fig. 18). 

In trials at various times with poppet 
valves, the D.B. has obtained only negli- 
gible fuel saving; in actual service it has 
even been found that there was an increase. 
This is attributed to concentrated wear on 
the cams with a noticeable effect on the 
distribution and consumption of steam; this 
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wear increases rapidly because of the con- 
siderable accelerations in force. The D.B. 
does not therefore intend to fit any further 
poppet valves. 

The 0.B.B. having in mind the charac- 
teristics of their lines, attach much import- 
ance to the conditions for running with 


7. — D.B. 


closed regulator and are therefore inclined 
towards the use of poppet valve distribu- 
tion which open when coasting, as fitted to 
their latest engines, or special by-pass types 
of cylindrical valves. Compared with cylin- 
drical valves the O.B.B. estimate that there 
is a 3 % saving from the use of oscillating 
cams and that a higher saving can be 
obtained by rotary cams. 
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The F.S., which has for a number of years 
used the Caprotti rotary gear, report that 
compared with Walschaerts gear and cylin- 
drical valves, there are moderate savings 
which vary according to the degree of wear 
on the cams and valves, greater smoothness 
of running at high speeds and with closed 


4 Fir Auden -u. Innenzylinder 


Miiller piston valve. 


regulator and that maintenance is practic- 
ally the same. 

The R.E.N.F.E. uses with satisfaction on 
modern locomotives, the normal distribu- 
tion with balanced piston valves or even, 
on most express locomotives with high 
superheat, oscillating cam gear of the Dabeg 
type and, more often, the Lenz type. The 
latter type is preferred and trials at present 
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are in hand with this type and rotary cams. 

Other Administrations use nothing but 
the normal Walschaerts gear and do not 
foresee any change; in particular the colo- 


Coasting diagram, D.B. 


Summaries. 


— Preference for poppet valve gear as 


opposed to piston valves is not confirmed. 


locomotive series 50. 


Valves : 
Miiller. Schulz. 
2 2 
Piso 0 Kg/em 25 kmh Pmi =~0 Kg/cm 
———————_—_——_??=:::---____ RE 
2 SOK 2 
Pri = 0,150 Kg/cm =~0Kg/cm 


40 kmJh Pi 


ae 


mi = 9313 Kg/cm* 


60 km/h 


Pmt =9-337 Kg/cm 


= 


= 0,485 Kg/cm 


80 Sane (eae P mi 


SSS 


= 0,273 Kg/cm 


Se ee 


Fig. 18. — D.B. Comparative diagrams t 


taken during coasting with Schulz 


and Miller piston valves. 


nial railways do not favour poppet valves, 
because their operating conditions are not 
suitable for them, especially the need for 
more careful maintenance by specialised 
staff. 


— The scope for application of poppet 
valves appears in all cases to be limited to 
express locomotives which are required to 
work a high percentage of their services 
with the regulator closed. 


\WA Pa 
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— The oscillating cam type is preferred 
to the rotary cam type because of its more 
stable operation and greater resistance to 
wear. 

— Special valve gears including auto- 
matic by-pass for working with closed re- 
gulator seem to be having wider use by 
several Administrations. 


I. Miscellaneous. 


a) Exhaust steam condensers (excluding 
mixer type preheaters). 

The use of condensers on piston locomo- 
tives has the special purpose of recovering 
water and any advantages affecting fuel 
consumption are only incidental. It must 
be recognised that the formation of sludge 
and scale in the boiler is reduced to a mini- 
mum but a condenser is costly, bulky, com- 
plicated and difficult to maintain, and its 
adoption can be justified only on particular 
railways where water supplies are widely 
separated. 

The D.B. and the S.N.C.F. have over 
some time tested the Henschel type (D.B. 
series 52 loco.) but neither of these Admi- 
nistrations nor any other which has replied 
to the questionnaire are considering using 
in service the principle of almost complete 
recovery of water. 


b) Circulation of water in the boiler. 


On the S.N.C.F. most traffic locomotives 
built during the past 20 years have had 
Nicholson syphons and some have arch 
tubes; the R.E.N.F.E. has fitted 100 loco- 
motives with Tobiac tubes and others with 
hydro-ejectors. Other Administrations do 
not at present show any interest in such 
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fittings and the D.B. in particular considers 
that improved circulation of water in boil- 
ers with high pressure, temperature and 
specific evaporation should preferably be 
obtained by increasing the distance between 
the firebox sides and the cylindrical body 
of the outside shell boiler. 


c) Steam circuits. 


There is nothing new to report in this 
respect; it is confirmed that large steam pas- 
sages are absolutely necessary to allow a 
fast locomotive to develop all the power of 
which it is capable. 


d) Air preheating. 


No Administration has adopted it or is 
considering trying it. 


e) Compounding of the drive. 


The various Administrations are divided 
in Opinion as to whether compound loco- 
motives need more maintenance than 
others, which in practice cancels the ther- 
modynamic advantages; the S.N.C.F. how- 
ever, shows in the Table below the pos- 
sibility of achieving with the compound 
system very favourable consumption figures, 
particularly when approaching full use of 
the locomotive power. ‘The comparison 
refers to counter-pressure locomotive trials 
with two modern Pacific engines having 
steam passages, high superheat, Kylchap 
double exhaust and ACFI feed water pre- 
heaters, one pressed at 20 hpz, 4.50 m? 
(48.43 sq. ft.) grate area and simple expan- 
sion 2 cylinders, the other pressed at 17 hpz, 
4.33 m? (46.66 sq. ft.) grate area, 4-cylinder 
compound : 


Simple expansion locomotive 


Compound locomotive 


Power 
at ee 
drawbar Firing rate iring rate 
Coal per m2 grate area Coal per m2 grate area 
1a AP kg/HP-h kglh kg/HP-h kg/h 


1 630 1.05 380 


2 405 705 


905 


0.95 360 


1.02 570 


US 700 
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The F.S. have carried out tests with the service, the average amounts consumed by 
same type of passenger locomotive, 16 the two types were very much the same. 
kg/cm? boiler pressure, 4.30 m* grate area, 
Walschaerts gear, in two versions, one 4-cy- pt 
linder compound (four piston valves) con- Streamlining appears to be beneficial 


f) Streamlining of locomotives. 


am | 


Puissances au crochet 


Vitesse en kmh 


Fig. 19. — S.N.C.F. Power in relation to cut-off and speed. 
141 R_ locomotive. 


Explanation of French terms: 


Puissance au crochet = power at drawbar. — Puissance au crochet 
en palier, en ch = power at drawbar on level track, HP. — Vitesse 
en km/h = speed in km/h. 


jugated gear, the other with four cylinders only for sustained speeds in excess of 120 
simple expansion (two piston valves) and km (75 miles) /h. 

find that with specially intensive working Streamlining, which first comprised a 
the compound type had a much lower coal complete casing for the whole locomotive, 
consumption but in normal continuous has been modified by leaving the driving 


eee Se 
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wheels clear to facilitate~inspection and Summaries, 
improve the flow of cooling air to the axle- 


: ; ae a) Condensers for almost complete water 
boxes and mechanical articulated joints. 


recovery are at present of no interest for 
The casings, which were largely develop- reciprocating engines; they relate solely to 
ed before the war, have been dismantled special cases. 


| Puissances au crochet 


aes 
ei a 
ee a8 Ale f 


1560 


a es ine es ae 
j Peed 


Puissance au crochet en pater,en ch. 


; 


Se oa 


500 


hes: 
i | i 

j pert ese! Fa 
| ; 


Vitesse en Am A 


Fig. 20. — S.N.C.F. Power in relation to cut-off and speed. 
141 P locomotive. 


Explanation of French terms: 


Puissance au crochet = power at drawbar. — Puissance au crochet 
en palier, en ch = power at drawbar on level track, HP. — Vitesse 
en km/h = speed in km/h. 


and present practice is limited to the most b) Special devices for improving water 
obvious projections, particularly in the circulation in the boiler are the subject of 
arrangement of pipework on the barrel or different opinions; it appears, however, that 
by a streamlined boiler casing. they are not being used on new locomotives. 
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TABLE P. — TEST RESULTS WITH D.B. LOCOMOTIVES 23 CLASS. 


Results corresponding to full and 2/3 max. boiler evaporation. 
— D.B. series 23 locomotives. — 


Total hourly evaporation per kg 


7 340 


Evaporation per m2 total heating surface, kg . . 47 


Combustion rate 
Evaporation rate 
Superheater temperature °C 
Thermal efficiency of boiler 
Maximum indicated HP 


Effective power. . . 


Coal consumption at 60 km/h, kg per indicated HP/h 


Coal consumption at 60 km/h, per effective HP/h kg jhe ie 


280 
8.4 
405° a3" 
0.64 0.76 


1785 (80110 km/h) 1 140 (75 km/h) 


1485 (67 km/h) , 


925 (40 km/h) 
0.97 0.77 


0.97 


With normal coal of 7 600 cal/kg (low quality) reduced by calculation to 7 000 cal/kg 


c) It is still maintained that large steam 
passages are necessary for high speed loco- 
motives. 


d) Air preheating has been abandoned 
by all Administrations. 


e) Between double and single expansion, 
preference inclines towards the latter which 
is less complicated and entails lower main- 
tenance costs. 


f) With regard to streamlining, the prac- 
tice of overall casing has been abandoned 
and it is now limited to the more obvious 
projections; this is because of the fact that 
generally speaking very high speed trains 
are not now hauled by steam locomotives. 

— Smokebox screens are used on a large 
scale. 


L. Power and efficiency 
of modern locomotives. 


Since 1937, several of the Administrations 
have built new locomotives or introduced 
major modifications to existing ones. The 
diagrams in figures 19 to 29 and Tables P 
and Q show the results obtained in trials 
with several of the new types, viz. the 
series 141 R (pressure 15.5 hpz) and 141 P 
(20 hpz) of the S.N.C.F.; S.23 locomotives 
of the D.B. and S.2400 and 4600 of the 
R.E.N.F.E., the general characteristics of 
which are given in Table A. 


On the locomotives in question : 

— the evaporative capacity per m? of 
total heating surface reaches 70-75 kg/m?/h 
with combustion rates of about 550 


Si) 
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TABLE Q. — TOTAL EFFICIENCY AT DRAWBAR, 


) 
S Dn by] N 
a va) 
+ 
wy 
=) a? va) ae 
+ eo 2 S 
on 
ee acai 
fore) ~ 
isa) mm 
= Cul teeth eile 
6 é~ 
oa an 
> va) S So 
2 ow oft Ss 
\o > 
<= $ °& 
fon ~ 
S 
S 
con 
S % S vA 
a) ~ 
a ~ 
gS co = vay 
~ ~ 
a 
= Ne) 
6S 
on \o 
g mn Ss a 
a ~ 
) 
+ 
a 
Shia ses ESO Ire 
a oa) = Re 
eek = 
9 > Ss i 
Sire a et S 
= D = m~ 
eailag m 
= IT aE, ae TE 
= ginal =~ jell cd a, = emer 
2) Se er ee 
3 Me ee Dieta tars Oe 
a ~ C} ia ~ O = 
LV VU — Lv ~~ 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 483/123 


kg/m?/h and reaches 110 kg/m’/h at a 
rate of about 1 100 kg/m?/h (S.N.C.F.); 

— the superheat temperatures in 141 P, 
20 hpz S.N.C.F. locomotives reaches 370° 
and 385° C respectively for evaporations of 
50 and 70 kg/m?/h (max. 418° C with 112 
kg/m?/h) and in the S. 23 of the D.B. pres- 
sure 16 kg/cm?, 375° C and 405° C corres- 
pondingly; 

— the boiler efficiency, according to the 
types, is between 0.72 and 0.75 for a fuel 
consumption of about 300 kg/m?/h, it 
drops to 0.65-0.68 with a consumption of 
500 kg/m?/h and to about 0.50 when the 
consumption is up to 1000 kg/m’. a 

These figures refer to the boiler alone; 
the efficiency of which appears to be little 
affected by the fitting of a preheater; if on 
the other hand, we consider the unit for 
the production of steam as a whole, includ- 
ing the preheater but excluding the steam 
used for oiler accessories, such as injector, 
etc., efficiency can reach remarkably high 
values as is shown for a variation in maxi- 
mum value from 78 to 92 % by the diagram 
in figure 30 (+) relative to D.B. series 42 
locomotive fitted with Franco-Crosti pre- 
heater. 

Power reaches 3 340 HP at the drawbar 
with a speed of 80-90 km (50-56 miles) /h 
for the 141 P locomotive of the S.N.C.F.; 
the D.B. reports 3020 indicated HP for the 
series 45, freight locomotives which are the 
most powerful of the standard types. 

— The indicated overall efficiency 
reaches a value of 0.118 and the effective 
efficiency 0.0949 on the D.B. series 23 with 
a rate of combustion of 270 kg/m?/h; on 
the S.N.C.F. these efficiencies are calculated 
at the drawbar and reach values of 0.0779 
for the 141R with a combustion rate of 
280 kg/m?/h and 0.0906 for the 141 P with 
a rate of 360 kg/m?/h. 


Summaries. 


— The locomotives considered at the 
1937 Congress and those built since do not 


(2) Cf. Eisenbahntechnische Rundschau, No. 4, 
1953 : Article by Dr.-Ing. MULLER. 


484/124 


differ very much as regards power and 
efficiency. 

— The effective overall efficiency of 
modern steam locomotives can reach under 
certain operating conditions a value of 


9.5 %. 


3 
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new constructions have been found neces- 
sary following the wartime losses. 


Economic reasons call for an intensive 
user of locomotives and it is therefore 
found that there is a great increase in 
double and also triple turns even for pas- 


ee Se i— 


ee —+—+- ae 4 


Vitesse . en kmA 


Fig. 21. — S.N.C.F. Power in relation to speed for a given 
hourly rate of firing. 141 R locomotive. 
Explanation of French terms: 

Allure de chargement = firing rate. — Puissance au crochet, en ch 
= power at drawbar, HP. — Vitesse en km/h = speed in km/h. 


M. User and maintenance 
of modern locomotives 


Modern types in general form a consider- 
able proportion of present day stocks of 
locomotives having regard to the fact that 


senger trains; this is particularly so on the 
D.B. which achieves a general average of 
2.64 crews, and on the S.N.C.B.; it is inte- 
resting to find that there is complete inter- 
change on the S.N.C.F. for passenger trains 


1 
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with the important 141 R series (1 323 loco- 

motives) . 

_ The annual mileage is at present 80 000- 
90 000 km (50 000-56 000 miles) and on the 

D.B. approaches 145000 km (90 100 miles) 

for certain types of passenger locomotives 


Frankfurt a.M.) in passenger service and 
440 km (Seelze-Mannheim) in freight ser- 
vice; the maximum non-stop distances are 
also on the D.B. with 277 km (Munich- 
Wirzburg). 

The tonnage of trains has generally 


1500 


Pussance au crochet ,en palier, en ch 


4 
~— 


a 


s ; 30 z = 
‘Vitesse en kmh 
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eS ee 
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Fig. 22. — S.N.C.F. Power in relation to speed for a given 
hourly rate of firing. 141 P locomotive. 
Explanation of French terms: 
Allure de chargement = firing rate. — Puissance au crochet, en ch 
= power at drawbar, HP. — Vitesse en km/h = speed in km/h. 
and nearly 90000 km with some freight increased; the S.N.C.F. reaches 800 tons 


classes. 

The longest journeys without engine 
changes (Table R) are at present under- 
taken in Germany with 525 km (Altona- 


with passenger trains at a commercial speed 
of 76.2 km (47 miles) /h on long runs (Le 
Mans-Brest), including gradients of 10 °/,, 
and in other cases up to 850 tons (Le Mans- 
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Fig. 23. — §$.N.C.F. Characteristic curves of boiler and exhaust. 
141 R_ locomotive. 


Explanation of French terms: 


Echappement Kylchap = re gay i Sea a — Vaporisation horaire en eau = hourly 
evaporation (tons) of water (W). — Contrepression a Péchappement = exhaust 
counterpressure (Hpz) (Cp). — Allure de chargement par heure et m? de grille 
= firing rate kg/h/m2 grate area (C/g). — Dépression en mm d’eau = vacuum 
in mm of water. — Consommation horaire de charbon = hourly coal consumption 
(in tons). — Surchauffe: taux d’éyaporation = superheat : rate of evaporation (W/C). 


Fig. 24. — S.N.C.F. Characteristic curves of boiler and exhaust. 
141 P locomotive. 


(See fig. 23 for the explanation of the French terms.) 
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Nantes-Quimper). Freight trains frequent- 
ly exceed 1000 tons, even on difficult lines 
and reach even higher tonnages at consider- 
able speeds : 1500 tons on the D.B. at 
41 km (25 miles) /h, 1700 tons at 34.8 km 
(21 miles) /h on the S.N.C.F. and 1750 tons 
at 40 km (25 miles) /h on the S.N.C.B. 
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the after-effects of the war itself, or of the 
extension of electrification (on important 
lines), or because of the wide use for high 
speed trains of motor coach sets. 

— The maintenance costs per km for 
modern steam locomotives are set out for 
certain railways in Table S. 


1 | 
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Fig. 25. — Heat transferred to water and steam. 
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Thermal efficiency. 


141 R_ locomotive, 


Explanation of French terms: 


Kchappement Kylchap = Kylchap exhaust 


. — Calories cédées 4 Peau et A la vapeur 


(en millions) par heure = calories transferred to water and steam (million/h). — 


Rendement de la chaudiére = boiler efficiency (%) (r). — 


Allure de -charge- 


ment par heure et m? de grille = firing rate kg/h/m2 grate area. — Calories 
contenues dans le charbon consommé (en millions) = calories in coal consumed 


(millions). — Consommation horaire d 
sumption (tons). 


It may be noted that whilst the com- 
mercial speed of freight trains tends to. 
increase, with passenger trains hauled by 
steam locomotives it does not in general 
approach the high speeds of 100 km (62 
miles) /h and above reached in special cases 
before the war. ‘This is a result either of 


e charbon en tonnes = hourly coal con- 


Summaries. 


— Journeys without engine change reach 


525 km (326 miles) with passenger trains 
and 440 km (273 miles) with freight trains. 
Maximum distances between stops are at 
present 277 km (172 miles). 


Maximum 
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commercial speeds for steam hauled pas- 
senger services are generally lower than 
pre-war. 

— Modern locomotives are intensively 
used and achieve annual mileages at the 
present time of 80-90 000 km (50 000-56 000 
miles) and even 145000 km (90 100 miles) 
(D.B.); working with two or even three 
crews has been considerably extended and 
common usage of locomotives is also prac- 
tised on a wide scale (S.N.C.F.). 
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Fig. 26. — Heat transferred to water and steam. 
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tion undertakes only 85.6 % of the locomo- 
tive mileage and 89.6 % of the gross 
ton /km. 

The programme of rationalisation and 
technical modernisation on the D.B. in- 
cludes a scheme for the electrification of 
about 4600 km (2858 miles) of main lines 
and the gradual extension of diesel trac- 
tion for shunting, for secondary lines with 
fairly light traffic and for light trains for 
high speed, long distance services (motor 


Rendement thermiqua. 
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Thermal efficiency. 


141 P locomotive. 


(See fig. 25 for the explanation of French terms.) 


N. Present position of the steam locomotive 
and future prospects. 


Having regard to the importance of the 
question, it seems advisable to consider the 
replies from the various Administrations 
separately. 

On the D.B., steam locomotives represent 
94.7 9% of the stock; electric locomotives 
4 % and diesel 1.3 %, but the steam trac- 


coach sets or light trains hauled by a diesel 
locomotive). This programme will be 
developed in line with the comparative 
prices of coal and heavy oil. 

Within the framework of the programme 
for the construction of new locomotives 
drawn up by the D.B. in 1949, series 23 
for stopping trains have already been put 
into service, representing the most recent 
locomotive building by the D.B., also two 
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Cl Simple 
ADMINISTRA- ap Boiler expansion 
TION locomotive PEPE BP ad 
SUN. C.F see ede GS) Est 16 hpz compound 
14152 20 hpz compound 
141. R 15.5 hpz simple 
expansion 
241. P 20 hpz compound 
150. P 18 hpz compound 
D.B. 5. 01 16 kg/cm? simple 
0110 16 » simple 
03 16> simple 
0310 16 » » 
41 16 » » 
44 16 » simple or 
compound 
50 16 » » 
SJN.C.Bs aaeae 1 18 » simple 
expansion 
7 16 » compound 
10 14 » simple 
29 IBY) a> » 
26 16 » » 
O:B Borie 214 hy ES simple 
113 Us) » » 
729 13 » » 
52 16 » » 
ROBIN. Be. 2 700 16 » » 
5 000 _— » 
S.N.C. Luxem- 
RS eo eile 47 16 » » 
55 16 » » 
56 16 » » 


Date 
built 


1932 
1942/52 


1948/52 
1939/51 


1946 


1947/48 
1946/47 


TABLE S. 


Number 


of 


loco- 


motives 


211 
316 


1323 


35 
3 


219 


171 


216 
603 


2 075 


20 
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— MAINTENANCE 
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RIOUS KINDS OF LOCOMOTIVES. 


erage 
inual 
leage 
km 


264 000 
938 000 


758 000 
350 000 


125 160 
144 190 
111 340 
118 960 
87 540 
61 880 


~ 53 260 


Maintenance 


expressed 
in 


French francs 


» 
» 


» 
» 


Belgian 
francs 
» 


schillings 
» 
» 
» 


Works 
general 
repair 


40.4 
16) ) 


22.1 
37.6 


Depot 
repair 


71S 
46.5 


0.322 


0.265 


0.343 
0.428 


0.367 


cost per km (1952) 


Depot 
inter- 
mediate 
repair 


| 
in repair shops 


Depot 
current 

main- 
tenance 


LOR 


2) 


32.7 


36.4 
30.3 


| 
Shed 


oe) 


wore 
Wo 


at depot 


0.148 


0.157 


0.152 
0.238 


0.194 


attention 
(washout ) 


Total 


118.6 
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Hidek 
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(1) Mileages per 


series of lo- 
comotives 
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classes of tank locomotives, whilst the series 
10 for fast trains and another type of tank 
locomotive are in the design stage. ‘These 
five classes, which it is expected will total 
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will however during the next ten years 
keep a predominant position because the 
capital needed for electrification can only 
be gradually acquired; it is considered that, 


— Diagramme des efforts de traction effectifs et du rendement total 
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Fig. 27. — D.B. Diagram of tractive efforts and total efficiency. Series 23 locomotive. 
Explanation of French terms: 
Lffort de traction au crochet = tractive effort at drawbar. — Effort de traction au crochet par, tonne 
de poids adhérent = tractive effort at drawbar per ton of adhesive weight. — Consommation de 
charbon = coal consumption, — Résistance a l’avancement = resistance to movement. — Poids adhérent 


= adhesive weight, 57.2 tons. 


115 locomotives, comprise the whole of the 
present new building programme of the 
D.B. in this direction. 

The D.B. thus anticipates a reduction in 
the overall use of steam locomotives, which 


in the not too distant future, the ratio of 
steam to electric locomotives will be 4700 
to 2 200. 

The S.N.C.F. (steam locomotives more 
than 10000, electric 996, diesel 158) fol- 
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lowing the extension of electrification, the 
use of Diesel locomotives for shunting and 
railcars for secondary feeder services, does 
not intend to build any steam locomotives. 

The F.S. (steam locomotives 3 200, elec- 
tric 1500, diesel 60) having 5790 km of 
lines of which 3039 km are double track, 
already electrified out of a total of 15 871 
km (4224 km double track) are gradually 
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Fig. 28. — D.B. Mechanical efficiency; effec- 
tive and indicated HP at maximum and two- 
thirds positions. Locomotive series 23. 


extending electrification to other important 
lines, replacing steam locomotives for shunt- 
ing, extending railcar services and are con- 
sidering the use of Diesel locomotives for 
certain secondary lines. ‘The construction 
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of steam locomotives ceased more than 25 
years ago. 


The R.E.N.F.E. which has 3 375 steam 
locomotives, has under construction 137 of 
three different types burning fuel oil. 


The S.N.C.B. (steam locomotives 2 269, 
electric 29) intends to electrify certain lines, 
to put into service Diesel locomotives and 
to reduce the number of steam locomotives. 


On the 0,B.B. (steam locomotives 1 223, 
electric locomotives and motor coaches 307, 
Diesel a few tens), steam locomotives still 
represent 75 % of the stock, but they under- 
take only 60 % of the total mileage run 
and 55 % of the total tonnage hauled. In 
10 years, 80 % of the total tonnage will be 
hauled by electric and Diesel locomotives. 


The Portuguese Railways, who have 398 
steam locomotives and 29 Diesel locomo- 
tives, operate with the latter the most 
important services; they foresee a strongly 
marked reduction in steam traction and 
consider the electrification in the near 
future of a somewhat important part of 
their system. 


The Swiss Federal Railways have since 
1918 systematically electrified their system 
and at present only 110 km (68 miles) of 
line and some yard shunting is still under- 
taken by steam locomotives which, it is 
intended, should be gradually displaced. 


The S.N.C.Lux. has 131 steam locomo- 
tives in service and some Diesel shunters 
under construction. 


The Bas-Congo Railway has 157 steam 
locomotives, 12 electric and 2 Diesel; there 
are 12 Garratt steam locomotives on order. 


The Madagascar Railways (60 steam and 
10 Diesel locomotives) anticipate building 
20 Diesel locomotives. 

Many of the Administrations amongst 
those mentioned above thus show a more 
or less marked tendency towards a progres- 
sive extension of traction other than steam. 
This tendency, even if it is not always crys- 
tallized by notable practical effects, is never- 
theless of such a kind as to impede the 
development of steam traction which will 
naturally continue to be used in certain 
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cases perhaps for ten or more years to come, 
but with a progressive reduction in_ the 
number of units and with in general no 
new building. 


Types 
of traction : 


Germany \ Austria 


diesel 


It may be worth considering that an elec- 
tric locomotive replaces 1.6 or 2 steam loco- 
motives and that the lines electrified are 
essentially, as a general rule, those with 
heavy and dense traffic. 

Moreover, many passenger trains on main 
lines, secondary lines, or light trains on 
main lines, or even long distances light 
express trains can be worked by railcar sets 
which, because of more frequent and faster 
connections, are better able to meet road 
competition. The S.N.C.F. and FS. for 
example already have a stock of about 800 
railcars. 

With regard to African and Colonial 
Railways, certain of them on which steam 
traction is already handicapped by water 
shortage, the high price of coal delivered 
to the consuming point, and by other draw- 
backs connected with the special features 
of their services, can show a real case for 
replacing steam by Diesel power. 


Summaries. 


— Steam traction appears to have already 
reached its maximum state of development; 
most of the Administrations covered are 
not considering the construction of new 
steam locomotives. 

— In future years it is possible to fore- 
see, there will be in general a reduction in 
the number of steam locomotives in service 
and a gradual extension of other means of 
transport. 
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The following Table (?) shows the per- 
centages for several railways of km /motive 
unit for various types of power and is very 
significant; it refers to the position in 1950 : 


Holland Switzer- 


fialy land 


64.8 B3c2 2p y 
19.8 45.7 35.4 922 
15.4 PA No i! 0.8 


— The large scale replacement of steam 
traction will in any case require many years 
because of the necessary amount of capital 
outlay. 


Résumé of the summaries. 


A. — Increasing the boiler pressure is 
considered of value in improving efficiency 
and specific power of the locomotive, but 
beyond a certain limit it entails an increas- 
ed cost of maintenance and even increased 
time out of traffic, which can seriously 
affect the financial benefit. 

It is the general opinion that this limit 
is located between 16 and 18 kg/cm? (227 
and 256 lbs per sq. inch); the S.N.C.F. 
alone considers that it would be beneficial, 
in newly-built powerful high speed loco- 
motives to increase the pressure to 22 hpz. 
This seems to depend on the fact that this 
Administration has been able to resolve 
satisfactorily the problems of techniques 
connected with the use of special steels. 


B. — Shaker grates are still widely used 
by railways burning coal with high clinker 
residue. 

— The use of coal pushers has not been 
extended. 

— Mechanical stoking has developed 
considerably but as it entails increased fuel 

(*) Die Deutsche Bundesbahn und ihre In- 


dustrie. Energiewirtschaft und Zugférderung : 
Dipl. Ing. A. Britu. 


ote 
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consumption its use shouldbe restricted to 
locomotives with a grate area of at least 
4.5 to 5 m? (48.43 to 53.82 sq. ft.) and high 
rates of combustion. 

— The use of pulverised fuel has been 
discontinued. 


30, VAPORISATION TOTALE WORAIRE O3 
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(227-256 lbs per sq. inch) can be considered 
standard. 

— With regard to the report to the 
Paris Congress of 1937, there is nothing to 
mention in this section on the introduction 
of new features; however, certain measures 
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Fig. 29. — R.E.N.F.E. Graphs of tests with series 2400 and 4600 locomotives. 
Explanation of French terms: 

Vaporisation horaire totale = total hourly evaporation. — Rendement de la chaudiére = boiler efficiency. — 
Vaporisation par m? de surface (8) de chauffage, zone d’utilisation normale = evaporation per m2? 
of heating surface (S), normal zone of use. — Température de surchauffe = superheat temperature. — 
Puissance indiquée et effective = indicated and effective power. — Rendement global = total efficiency. 


— Oil-firing has reached a high standard 
and fairly wide use, which seems to con- 
tinue; its economic advantage however 
varies in accordance with the relative prices 
of heavy oil and coal. 

C. — Superheating of steam has not 
changed very much in recent years and a 
temperature limit of about 400° C for loco- 
motives with a pressure of 16-18 kg/cm? 


designed to improve the life of superheater 
elements and the steam-tightness and life 
of segmental piston rings are of particular 
interest. 

D. — All modern locomotives are fitted 
with feedwater preheaters. 

— Mixer type preheaters are moreover 
preferred to surface types and to exhaust 
steam injectors. 
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— The use of combustion gas econo- 
misers in the smoke box has not been 
extended. 

— The combustion gas preheater may, 
in suitable conditions, give good results. 


S42 D.B. locomotive with Franco-Crosti 
preheater, 


= boiler alone; 


ey y 
Efficiency | y' = boiler and preheater together. 


2000 4000 6000 


Vapeur Ke/h 


6000 10000 12000 


Fig. 30. — D.B. Efficiency of boiler and 
boiler-Franco-Crosti preheater group. S$ 42 
locomotive. 


— Preheaters show themselves in general 
important, particularly on locomotives 
which are heavily worked or are fitted with 
boilers relatively small compared with their 
tractive effort. 


E. — Chemical water treatment in the 
boiler is of general interest. 


— The reagents mostly preferred are 
those which by means of mineral or organic 
substances have a softening, stabilising and 
anti-priming effect. 

— Treatment ensures considerable bene- 
fits in : 

— cost of maintenance and _ periodical 
repairs to boilers; 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


APRIL 1954 


— the availability of locomotives and 
reduction in stock and capital which 
results; 

— coal consumption, at least in a num- 
ber of cases; 

— regularity of service. 


F.— Lagging of boilers is being extended. 

— Methods and materials used are still 
different between railways. 

— The saving in coal is small but can 
be obtained without particular difficulty. 


G. — Despite the high degree of effi- 
ciency achieved, the exhaust arrangement 
continues to be the subject of research and 
experiment because of its importance in 
performance and even in fuel consumption. 

— Variable exhausts have lost all interest 
and fixed exhausts of the standard type 
seem to be giving way more and more to 
later designs. 


H. — Preference for poppet valve gear 
over piston valves is not confirmed. 

— The scope for fitting poppet valve 
gear seems in every case to be restricted to 
high speed locomotives and those which 
have a high proportion of running with the 
regulator closed. 

— Oscillating cams are preferred to 
rotary cams because of their more stable 
operation and greater resistance to wear. 

— Special valves with automatic by-pass 
for running with the regulator closed seem 
to be extending their application on several 
railways. 


I. — ‘Total recovery condensers have no 
general interest for reciprocating locomo- 
tives; they relate only to special cases. 

— Special devices for improving circula- 
tion of water in the boiler are the subject 
of mixed opinions; it appears, however, 
that they are not being fitted in new loco- 
motives. 

— It is still considered that large steam 
passages are necessary in high speed loco- 
motives. 

— Air preheating has been abandoned 
by all Administrations. 

— Between compound and simple expan- 
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sion, favour inclines towards the latter, 
which is less complicated and involves 
lower maintenance charges. 

— With regard to streamlining, the prin- 
ciple of complete casing has been abandon- 
ed and it is now limited to the more 
obvious projections; this is because, at pre- 
sent, high speed trains are not generally 
hauled by steam locomotives. 

— Smokebox screens are used on a large 
scale. 


L. — The locomotives considered at the 
1937 Congress and those built since do not 
differ substantially in power and efficiency. 

— The overall effective efficiency of 
modern steam locomotives, under certain 
operating conditions, attains a value of 
S5%- 


M. — Journeys without change of engine 
reach 525 km (326 miles) with passenger 
trains and 440 km (273 miles) with freight 
trains. Maximum non-stop distances are at 
present of 277 km (172 miles). Maximum 
commercial speeds of steam hauled pas- 
senger trains are generally lower than 
before the war. 

— Modern locomotives are intensively 
used and achieve a current annual mileage 
of 80-90000 km (50000-56000 miles) and 
even 145000 km (90100 miles) (D.B.). 
Multi-crew working (double and _ even 
triple turns) are widely used, and ‘it is 
practised also to a large extent in the 
general user service (S.N.C.F.). 


N. — Steam traction appears to have 
already reached its maximum stage of deve- 
lopment; most of the Administrations 
covered do not intend to build any new 
steam locomotives. 

— For future years, it is possible to fore- 
cast in general a reduction in the number 
of steam locomotives in service, and a cer- 
tain gradual extension of other means of 
traction. 

— The large scale replacement of steam 
traction will in every case require a num- 
ber of years, because of the capital expend- 
iture involved. 
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It may be considered permissible to add 
the following general comments. 

At the Paris Congress in 1937, and at 
the Madrid Congress in 1930, the steam 
locomotive was the object of new ideas for 
its improvement from all points of view, 
going as far as proposals to abandon the 
standard designs in attempts to make de- 
finite advances in efficiency, power and 
speed. 

Today, on the contrary, the steam loco- 
motive is in a static condition of develop- 
ment; the more radical ideas have been 
abandoned, many others have shown that 
they have little contribution to make, and 
the standard design, fitted with the more 
rational of the suggested improvements, is 
still generally favoured, and has shown 
itself difficult to displace. 

At the same time, it is the object of care- 
ful attention as regards the organisation of 
user and maintenance (to be noted the 
great importance of the chemical treatment 
of the water in the boilers) so to afford the 
best economic results from its operation. 

At the present time, most of the Admi- 
nistrations with which we have been deal- 
ing, have no new steam locomotive build- 
ing programme, but their stocks include 
many modern or fairly recent locomotives, 
such as those built since the war to make 
good wartime losses. Whilst Diesel shunt- 
ers and railcars have obviously suitable 
fields of employment and electric traction 
is advantageous for certain lines with heavy 
traffic, the high proportion remaining, 
representing heavy freight and passenger 
trains, must be hauled either by modern 
steam locomotives or Diesel, not with 
regard to thermodynamic efficiency alone 
but the overall and true cost of operation 
seem to present some uncertainty and the 
choice appears still very susceptible to the 
comparative cost of coal and fuel oil as well 
as the depreciation rates of the Diesel loco- 
motives to be built, the cost of which at 
present are excessively high. 

In all cases, even for this last reason, 
the replacement on a large scale in a 
relatively short space of time of steam loco- 
motives by Diesel or electric locomotives 
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requires new capital investment of such 
importance that it would endanger the 
balance of capital structure and would 
moreover be difficult to find in view of 
the general financial crisis through which 
Railways are passing. 

Whilst on several railways, steam traction 
has lost or is losing all interest, others, 
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including the very large ones, will show for 
many years to come a majority of their 
rail-borne traffic hauled by steam locomo- 
tives which will be capable, without extens- 
ive new construction, of adopting technical 
improvements and other organisational 
measures which will be of considerable 
interest. 


CORRIGENDUM 


REPORT ON QUESTION 1 (LONDON CONGRESS, 1954), by C. FEYRABEND, 
appearing in the BULLETIN for December 1953. 


Page 1001/33 : 


TABLE II. — Equipment of lines; column : 
kilometre) : 


Swiss Federal Railways : Instead of 1556, it must be 1667. 
Page 1027/59 : 
TABLE X. — Tools or machines used; column : « Type » : 


SWITZERLAND. — C.F.F.: The mechanical tampers and screeners used on this 
system are exclusively of the « Scheuchzer » type. 


« Sleepering (number of sleepers per 


APPENDIX III : 


(Pages 1072/104 and 1073/105) : 
Average annual maintenance costs converted into U.S.A. Dollars. 
The figures relating to the Netherlands Railways (Appendix III) (continued), Part V. — 
Chapter A. — § 4 (8th. column) must be modified as follows : 


Daily output per km of track 


a) Cost of track materials . 


b) Railway Staff wages 


c) Contractors 


d) Total costs (a + 6b + c) 


Netherlands 
Railways 
(11 S570) 


700 000 
(107.1) 


5 200 000 
(796.1) 


500 000 
(76.6) 


6 400 000 
(379.8) 
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